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DOKB notes on furnace linings, breasta and packings, made daring 
the author's activities as superintendent of furnaces, formed the 
ocigiual basis in the preparation of this book. But since do serious 
effort has ever been made to collect the scattered informatiou on 
the properties and preparation of the materials of which industrial 
furnaces are constructed, considerable sjiace has been devoted to 
descriptions of the sources, and processes of manufacture, of refrac- 
tories with the object of presenting, to those interested in refractory 
materials and in the operation of furnaces, a comprehensive study 
of the physical aud chemical properties of these materials. 

The author has attempted also to coordinate the study of methods 
of preparing and testing refractory materials and of constructing 
furnaces, and lias tried to systematise the data on the many kinds 
of cements, and packing and fettling mixtiyes which have their 
usefulness under special conditions in promoting efficiency in fur- 
nace campaigns and in reducing the ever-high cost item of furnace 
repairs and masonry. 

Since personal acquaintanceship with all kinds of industrial fur- 
naces is not possible, the author has been obliged to supplement his 
field notes by use of the data prepared by men who have worked in 
other fields. While due acknowledgements of the sources of such 
information have been given, some special mention should be made 
of the work of Kerl, Bischof, Hichardson, Ries, Fitzgerald and 
Hering, to whose publications the student is referred for special 
information on subjects allied to the main theme of this book. 

The author wishes to express gratitude to the Bureau of Mines, 
to the various engineering experiment stations and to the technical 
press of Germany, England, France and America, for the consider- 
able attention they have given, in their publications, to features 
marking progress in the development of truly refractory furnace 
materials. 

Much valuable aid has been given by The Harbison -Walker Re- 
fractories Co., The Laclede Christy Co., The Norton Company, The 
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American Refractories Co., The Chicago Firebrick and Retort Co., 
The Mexico Firebrick Co., Messrs. Evens and Howard, Messrs. 
Didier-March, The Allis-Chalmers Company, The Clearfield Machine 
Shops, The American Clay Machinery Co., and Messrs. Raymond. 
The author is also indebted to Metallurgical and Chemical Engineer- 
ing, Engineering and Mining Journal, Mining and Scientific Press, 
American Gas-Light Journal, Clayworker, Brick, and Die Thon- 
industrie Zeitung; and to Professors Orton of Ohio State University, 
Ries of Cornell University, Bleininger of the University of Illinois, 
Watts of the University of Wisconsin, Dr. Weidman and Mr. 
McNight. The author is especially grateful to Mr. Kenneth Seaver, 
whose generous counsel has been of as much assistance in the prep- 
aration of the book as the material data wliich he very kindly 
supplied. 

The book as presented does not represent so much an attempt to 
write the last word on Refractories and Furnaces as an endeavoui-, 
in covering the subject, to create some kind of order out of the 
chaos which has enveloped the study of an impoi-tant metallurgical 
science, that of the construction of good furnaces front properly pre- 
pared materials, 

F. T. HAVARD. 

Chicago, Novemberj 1912. 
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REFRACTORIES AND FURNACES 



INTRODUCTION 

■notes on the history and development of the 
fire-clay and refractories industry 

It would tax the imagination of the most enthusiastic anti- 
quarian to set a date for the beginning of the clay-working era. 
Since even the birds and beasts use clay and earth In their nests 
i and laire, we may have no doubt that neolithic man was a potter 
I of no small skill. He must very soon have realized that some of 
the earthy materials, which he found beside the streams, lent them- 
selves to being shaped into vessels which, though porous, would 
hold water. He would quickly have found that these vessels 
became firmer when dried in the sun; again that they rapidly 
lost this firmness and became soft when filled with water. Later 
he learnt that the clays could be made permanently firm and 
water-tight by heating. Such burnt-clay pottery was indeed 
made by prehistoric man. Also the discovery of glazing must have 
taken place at about the same time, for often the contact of pot 
and hot ashes would result in producing a glazed surface on the 
clay. 

Archffiologica! investigation-s prove that bricks were used in 
.Egypt aa far back aa 1200 years b.c. The height of a stadium 
about the temple of Belus, built at this time, was some 700 feet, 
and a brick wait, eight miles in circumference, surrounded the 
whole. Some pjTamids were built of brick, and one, built by 
King Asychis, bore a stone plate with an inscription to the effect 
that the brick pyramid regarded itself as towering above the 
stone pyramids as Zeus over the gods. 

The earliest stone arches carried a brick keystone made from 
the clay of the Nile. From the Old Testament we learn that the 
Tower of Babel was built of bricks and that the principal occupa- 
tion of the children of Israel, while in captivity in Egypt, was 
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brickmaking. Particular attention was paid to the burmng of 
the bricks, and we are told that those in the Tower of Babel were 
especially well burned. Some of the walls of Babylon were made 
of bricks glazed in the most beautiful colors. Even porcelain re- 
muns have been discovered in Egyptian tombs which antedate the 
Roman period. Such ware, however, was probably introduced 
from the Orient. 



. 1.— The Preparation of Crucibles in the Fifteenth Century. (Ftwn " 

Agricola: — " De Re Metallica.") J 



The Greeks and Romans made pottery and earthenware, and ' 
used bricks of many kinds. These latter are described by Ve- 
truvius under the names of "Lateres" and "Testae"; the "Uteres 
erudi" correspond to our adobes or sun-dried mud bricks and the 
" testae " or " lateres cocti " to burned bricks. 

From Rome the mason's art spread over the whole of Europe. 
Yet brick buildings did not become general until the fourteenth 
century, and it was only in the seventeenth century that the art 
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the methods used in making retorts and crucibles of fire clay, and 
the practice in constructing furnaces. The clay was pugged, 
moulded, dried and burned in wood fires. The hearth furnaces 
were similar to the cupelling furnaces used at the present time in 
Germany, of which the movable roof, made of tile nicely fitted 
to form an arch inside a round angle-iron band, is a special feature. 
The ceramic art of Fgjpt and the Orient found expression in 
beautiful forms and glazes among the Greeks and the Romans. 



Fig. 3. — Medimval Rctorta, (Agriccla.) 



In the early part of the Christian Era the art of making such 
pottery was lost. The Moors revived the industry in Europe 
and produced the glazed ware the name of which is majolica, de- 
rived from the island of Majorca. 

■ The manufacture of fine hard porcelain from clay which burned 
to a semi-translucent body dates back at least to the ninth century, 
and spread from the Orient to Europe, where in the seventeenth 
century it reached some degree of refinement. In 1710 the Meis- 



The growth of the fire-brick industry was gradual. Refractory 
clay bricks were produced, as the industries called for them, dur- 
ing the eighteenth and nineteenth centuries. The infusible con- 
stituent of porcelain and, indeed, of all clayware is kaolin. Its 
essential constituent is the mineral kaoliiiite, the other ingredients 
being silica and dirt. The name is derived from a mountain of feld- 
spar in China, which, in disintegrating, supplied much kaolinite 
suitable for the manufacture of porcelain. The first-class refractory 
bricks and vessels, which are made from clays, contain consider- 
able kaolin and but little quartz; the silica refractories have muclki 
silica and little kaolin. It is hard to fuse either alone ; mixed they 
fuse with comparative ease. 

In Europe the potter's art preceded that of the brickmaker; in 
the United States the brick industry was first established in 1640 
when some Dutch settlers on Long Island erected brickyards andj 
later, potteries. While the manufacture of brick has been contin^ 
uously growing, the potteries have had a checkered development, 
But now the manufacture of clay products ranks as one of the Im- 
imrtant industries; its value follows closely that of iron and coal. 

The character of the clay brick, which up to a comparatively 
recent date, was used for general purposes, was not suitable for 
withstanding the very high temperatures produced in the furnaces, 
which it was necessary to build to meet the improved methodg 
of smelting ores and metals. Indeed, it was found that some of 
the more highly silicious natural rocks, such as pudding stone, 
granite and dinas or other quartzites, were better suited for with- 
standing the corrosive action of metals and slag at high tem- 
peratures. In the case of the cupellation of argentiferous lead and 
the fine burning of the silver, recourse was made to bone ash, — 
the product obtained from grinding bones, washing away the im- 
purities and burning the residual calcium double phosphate, 
improvement was made in the first types of open-hearth fumacej 
by using a lining of silicious clay, which paved the way for the ii 
traduction of bricks made from the grinding of very silicious rod 
and bonding with a small x>erccntage of lime or plastic clay. Th»j 
first raw materials used for this purpose were the dinas rocks- 
found at Dinasfels in Glamorganshire, and ganister found beneath 
the coal beds near Sheffield in England, and near Dasseldorf in 
Germany; other favored materials were the Kieselschists found 
in especially fine quality in Silesia. Some of the blown sands found 
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near the old Welsh smelting works carry some 4 or 5 per cent 
of lime in the shape of minute fragments of shell sand. These 
produced a partial fritting of the sand when this was used as a 
bottom for reverberatory furnaces. 

From the earliest time considerable care was exercised in 
selecting suitable sands for easting moulds. Kampmann in Annales 
I des Mines gives the following analysis of sands employed for fine 
casting and states that a good sand for moulds may be artificially 
made from a mixture of 93 parts fine quartzose sand, 2 parts red 
English ochre and 5 parts of aluminous earth as little calcareous 



Compoiition of Tuloiu Caating Sands 
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IV.< 


Silica 


92,083 
2,498 
5.415 


91,907 
2 177 
5.683 


92.913 
1,249 

5.850 


90.625 
2,708 
6,667 






Alumina 





• Suid IroiD tbe ntubliohment of Lnfua nwr Stromborg. '| 

The sand used at the works of Count Stolberg-Wemigerode 
\ in the Hartz Mountains, famous for its bronze and iron monu- 
I meuts and targe but fine castings, consists of a mixture of dried 
I and dehydrated argillaceous sand, and sand from solid sandstone 
I in the proportions following; 1 part common argillaceous sand, 
1 one part alluvial sand and 2 parts sandstone sand. The analysis 
of this mixture showed 79 parts silica, 13.7 of alumina, 2.4 pro- 
toxide of iron, of magnesia and 4.6 of potash. Analyses of some 
of the famous Japanese castii^ sands show similar compositions. 
With the development of the porcelain industry attention was 
I drawn to the refractory character of the kaolin and other highly 
l.aluminous clays. The potteries of Germany and France proved 
p the value of these high-grade clays in the use of crucible and 
furnace brick. The early metallurgist, Berthier, learned the im- 
portance of applying these clays for the manufacture of metallur- 
^eal furnace brick. Close following the introduction of aluminoua 
I brick came the realisation of the value of graphite as material for 
r crucibles and furnace linings, It is interesting to note that a patent 
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No. 767, Jan. 25, 1762, was granted to William White for a "new 
invented manufacture of crucibles for the melting of metals and 
salts." The specification directs that Stourbridge and Dorset- 
shire cla,y are to be mixed with Woolwich sand and water and that 
the mixture is to be trodden with the feet. The use of coke in 
admixture with Stourbridge clay in the manufacture of crucibles 
was patent«d by Anstey, who used two parts of fine ground clay 
with one of pounded gas coke, and prescribed that the coke was not 
to be crushed finer than one-eighth of an inch, and that the mixture 
should be worked with water and well trodden. Anstey's pots with- 
stood eighteen successive fusions of cast iron provided they were not 
subjected to frequent and rapid cooling, and earned for him from 
the Society of Arts a silver medal and the sum of 20 guineas. It 
was not long afterward that an effort was made to substitute plum- 
bago for coke, and in 1828 Mr. Charles Sidney Smith was awarded 
£20 for the manufacture of crucililes composed of Stourbridge clay, 
coke and plumbago. The process of making these pots of crucibles 
is described in Vol. 47 of The Transactions oj the Society of Arts. 
They seem to have been of an even homogeneous character and 
of considerable strength and refractoriness. 

In 1856 Deville made alumina crucibles from a mixture of gelat- 
inous alumina with a proper proportion of calcined alumina and 
from an intimate mixture of equal parts of almnina and pounded 
marble. These crucibles when exposed to high temperatures ac- 
quired a remarkable degree of solidity and resisted sudden and 
great changes in temperature. In 1869 bauxite, which had lieen 
previously analysed by Berthier, Was suggested as a raw material 
for crucibles. It derives its name from the hill called "Colline 
des Baux," from which Berthier obtained his sample. Some 
bauxite in Andalusia had been used by the Moors far the manu- 
facture of terra-cotta ornaments, but it was not until the end of 
the '60's that it was used as a lining for furnaces. It is not sur- 
prising, considering its physical properties, that it has not attained 
a wider application for this purpose. 

Lime crucibles were made at this time and Deville conducted 
experiments in applying them for smelting. On account of the re- 
action of lime with carbon and its tendency to slag with any silicious 
or aluminous material, it did not find a wide field of use. Further- 
more, the lime crucibles disintegrate when kept for a long time and 
are unsuited for the melting of iron or iron ores on account of the 
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tendency to form calcium ferrate. Magnesia, on the other hand, 
soou obtained wide and favorable reputation as a refractory Iki- 
ing and was used as far back as 1870 in Bessemer convertets and 
open hearths. Since that time it has steadily grown in favor and 
is to-day perhaps the most favored of all refractories. 

Hardly less useful than magnesite is dolomite, which has been 
Favored by the EIngbsh and German iron masters as a lining for open- 
hearth furnaces and Bessemer converters. Unburned hmestone, 
when mixed with clay, has been used as a lining in more recent 
years to replace the old-fashioned bone ash and marl, both of which 
were used in the eighteenth century, but it, in turn, has given 
way to magnesite. It is only within recent years that the high- 
grade magnesite bricks manufactured from Grecian and Styrian 
deposits have obtained the high reputation they now deservedly 
CQJoy. 

Within the last twenty years chromite has been used as a re- 
fractory material and the linings of many furnaces have withstood 
long sieges owing to the assistance which chromite brick lent. This 
is effective when u.sod along the slag line, as a buffer layer between 
the magnesite bottom and the fire-brick foundation, or between 
the magnesite lower, and fire-brick upper, furnace walls. Thus 
chromite prevented the possible agglomeration or fritting of these 
two materials together. The use of atoatite (magnesia and alumina 
silicate) is a comparatively modern innovation, used principally in 
electric furnaces. 

Carborundum fire sand enjoys widespread use both as a pro- 
tective paint for preserving bricks against acid fume and slag and 
also in the form of bricks composed of a mixture of fine carborun- 
dum sand with a small quantity of fire clay or lime. Another realm 
of refractories is found in the metals, particularly iron, both cast 
and wrought, nickel, gold and platinum. Cast-iron kettles wear 
exceedingly well pn)vided they are not exposed to high or sudden 
changes in temperature. They are especially useful in the re- 
fining of argentiferous lead by both the Parks and Pattinson 
processes. For certain purposes crucibles of cast and wrought^ 
iron are economical and efficient. Platinum finds its greatest use 
in the chemical laboratory for holding slags and mixtures which 
are subjected to high temperatures in fusion, and in the form of 
kettles for holding 60° sulphuric acid in the process of refining, 
Finally, the manufacture of asbeatoa mixtures has enabled us to 
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develop in recent years the application of insulating and protective 
covering, and the electric furnace has promoted the manufacture 
of alumina, magnesia and calcium-oxide ware. 



The Development of the Refractory Industry in the 
United States 

The developments in the refractoriea industry within recent 
years have been remarkatile. Thirty years ago this industry in 
the United States produced products to the value of $400,000 a 
year. Now the annual value of refractory products is between 
fifteen and twenty million dollars. 

This is altogether due to the progress made in the metallur- 
gical industry. The wealth arising from this industry would 
have been impossible of realisation had it not been for the energy 
of the refractory makers in supplying durable materials to stand 
severe physical and chemical strain, In 1820 a blast furnace 
made 80 tons of iron a wci;k, in 1860 about that much per day, 
now it makes 500 tons daily. In 1880 a copper furnace would 
smelt 20 to 30 tons of ore ])er day. Now it handles as much as 
1500 tons. Coke-oven, blast-furnace and cement-kiln develop- 
ments are only a few of a similar character. The refractoriea 
industry has amply proved its ability to cope with these new 
demands. One firm alone in America produces over 1,000,000 
refractory bricks a day. There are about 400,000 silica and 50,000 
magnesia bricks produced daily in the country. 

But it is in quality as much an in quantity that the refractories 
industry has met the demands made on it by the enormous fur- 
naces, stoves and ovens. And, to its credit, it has generally been 
first in anticipatmg tbese wants and has frequently educated the 
operators in the requirements of good, modem practice. 

The growth* of the fire-brick industry depends largely on other 
kinds of manufacturing in which the conversion of the raw ma- 
terial into the finished product has to be accomplished by great 
heat, and this is done in furnaces or other receptacles which must 
be lined with some refractory material. Large quantities of fire 
brick are, therefore, required in smelting operations. The clay in- 
dustry, with its brick and pottery kilns, requires a large number, 

• Hiea and Leighton, "History of the Clti,v-Wotking Indtwtry in the 
United States," pp. 38-43. 
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^^^^^■Hn the PortlaDd cement industry, the coking industry and many 
^^^^^ffietB. Some of these, like the iron industry, were in operation be- 
fore fire brick were available, and sandstone blocks were used as 
furnace linings. 

New Jersey seems to hold the honor of being the first producer 
of fire brick in the United States, for they are said to have l)een 
made there in 1S12, although the location of the ori^al plant is 
not known. It is definitely known, however, that in 1825 the 
Salamander Works of Woodbridge, N. J. (no longer standing), were 
in operation. These were followed by the erection of a factory by 
John Watson in 1833, which remained in operation for a number 
of years. It is also stated that fire bricks were made in Florida 
and shipped to New Orleans in 1827, and that stove linings were 
made in Connecticut about 1835. 

According to Mr. McClave refractory bricks were being pro- 
duced in Toronto, Ohio, in 1830, but the industry was probably 
only temporary, for later the Ohio furnace men appear to have 
been shipping in most of their refractory wares from New Jersey 
and Maryland, until in 1869 tliey were supplanted by those made 
at Sciotoville. 

A permanent plant was first developed when fire-brick works at 
Queen's Run conmienced operation in 1836. This subsequently 
became the firm of Fredericks, Monroe & Co. 

It was in 1837 that the famous Mt. Savage, Md., fire clay was 
discovered, and two years later the Union Mining Company 
began operations which have continued up to the present. In 
eome publications these are incorrectly stated to be the oldest fire- 
brick works in the United States. About this time the Lower 
Klttaniung plastic clay and the flint clay of Clarion County, Penn- 
sylvania, were being worked by S. Barnes & Co., of Rochester, 
[ Pa., who appear to have started one of the earliest fire-brick works 
I in that state. They were followed in 1842 by James Glover 
, who discovered tlie Bolivar fire clay at the place of that name 
I and ran a small fire-brick factory. He took his bricks to Pitts- 
burgh by boat, anti after some difficulty succeeded in disposing 
of them. So well were they liked that the bricks soon won a rep- 
utation, and Bolivar to this day is one of the important fire- 
■ brick-producing localities. The industry continued to develop 
]■ rapidly, and we find factories starting operations in different 
Estates, especially if there was a chance of marketing the product, 
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which in those days commanded a much higher price than 
now. 

In the year 1845 another yard was established in the Wood- 
bridge district of New Jersey, viz., that of Berry & Son, with 
others following it; among these being Sayre & Fisher, Sayrc- 
ville, 1868; H. Maurer & Son, Maurer, 1856; M. D. Valentine & 
Bro., Woodbridge, 1865; and others. Kier Brothers of Salina, 
Pa., began in 1845. 

The fire-brick industry was, however, slow in moving west- 
ward in its development, for it was not until 1846 that it began in 
St. Louis with a small factory located on Gravois road. This is no 
longer in operation. The oldest of the present plants are those of 
Evens & Howard and the Laclede Fire Brick Company, which were 
estabhshed in 1855. St. Louis with its great deposits of carbon- 
iferous fire clays and markets in the Central and Southern States 
was destined to become an important center of fire-brick making, 
and other factories were opened later, among these being the 
Christy Fire Clay Company, in 1857, and the Parker Russell Com- 
pany, in 1866. The Christy and Laclede companies have since 
been consolidated. Another refractory asset which has helped 
to make St. Louia famous was its deposits of clay for glass-pot 
and zinc-retort manufacture. 

In New York the making of gas retorts commenced in 1851 
and spread to other states, but the production of these is not as 
great as formerly. 

Fire bricks were being made at Steubenville, Ohio, from 1854 
to 1858, and the industry was started in Illinois not later than 
this. In 1859 Soisson & Co. of Connellsvillc, Pa., estaliUshed 
their works at that place, and three years later, in 1862, fire-brick 
manufacture began at Bath, S. C, but has never become of un- 
portance. At Pittsburgh the Star Fire-Brick Works commenced i 
operations in 1865, and three years later the industry was com- 
menced at Canal Dover, Ohio. 

The fire clays of the far West developed at a comparatively 
early date, those around Golden, Colo., lieing discovered in 1866. 
The deposits, however, which have made the district rank foremost 
among the western producers were not opened until later. The 
fire bricks which wore then made and which are still being produced 
at Denver, Pueblo and Cafion City are much used throughout the 
Westera States and have earned a good reputation, even though they 
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have to compete with the bricks made in the Mississippi Valley 
district. 

The fire clays of Lewis County, Ky., were mined as early as 1871 
and used for making fire brick in Cincinnati. In the same decade 
we note the building of works at East Portsmouth, OIilo, in 1870, 
at Woodland, Pa., in 1871, and at Retort and Manorville, Pa., in 
1872. 

West Vir^nia was late to arrive in the line of fire-brick producers. 
The Kittamung clays of Hammond, Maiion County, being one of 
the earliest deposits opened were worked in 1876. However, the 
industry has progressed favorably since then. 

By the year 1880 the fire-clay-manufacturing industry had 
assumed wide and strong importance in many states, notably 
Ohio, Pennsylvania, New York, New Jersey, Indiana and Mis- 
souri. Several important additions occurred in the 80's, as at 
Canal Dover, Ohio (1880); South Webster, Ohio (1883); Queen's 
Run, Pa. (1883); Portsmouth, Ohio (1888); Wallaceton, Pa. 
(1888); Strasburg, Ohio (1889); there were still, however, sev- 
eral important but not necessarily large districts. In 1882 the 
tertiary clay around Holly Springs, Miss., was attracting attention, 
and two years later, 1884, the Kentucky fire clays were worked at 
Amanda Furnace and Bellpurt Furnace, and in 1886 by the Ash- 
land Fire Brick Company, at Ashland. In 1895 the Olive Hill Fire 
Brick Company of Olive Hill, Ky., began using the carboniferous 
flint clays, but it is not known how long previous to this these 
had been developed. 

Developments continued in Pennsylvania and Ohio, and new 
works were continually springing up. They included those at 
Phillipsburg, Pa. (1893); Clearfield, Pa. (1894); Beech Creek, Pa. 
(1900) ; and stilt later those at Figart, Pa. (1901) , and Strasburg, 
Ohio (1904). 

The Dakota clays of Colorado, previously mentioned as occur- 
ring at Golden, were further developed at Cafion City, in 1900, 
and since then at other localities. Later developments took place 
also in Utah, Montana and South Dakota, but no definite data 
are available regarding them. 

After reviewing what has just preceded, one cannot help but 
be impressed by the great and steady development of the fire- 
brick industry in the carboniferous areas of Ohio, Pennsylvania, 
and, to a lesser extent, Kentucky, Maryland and West Virginia. 
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The product not only finds a ready market in the districts of 
production, but is shipped to many states in which high-grade 
refractories are manufactured sparingly or not at all. 

There are a number of small works makmg fire brick and stove 
linings, which are located at points some distance removed from 
the fire-clay districts, wliieh supply the raw clay. Not a few are 
located in the New England States, 

It is needless to say the growth of the fire-brick industry has 
been attended by improvements in the methods of manufacture, 
not so much perhaps in the maciiinery used, although the pro- 
duction of machine-mouldeii brick has increased, as in the com- 
pounding of proper mixtures, which will best individually with- 
stand the conditions of use to which they are subjected. With 
the same object in view the manufacturers have also developed a 
great variety of shapes for special purposes. Some firms have Uke- 
wise succeeded in making many interesting products of astonish- 
ingly high refractoriness. 

In addition to the firms already named, mention should be 
made of the incorporation in 1902 of the Harbison-Walker Re- 
fractories Company with headquarters at Pittsburgh, Pa., and of 
the formation of the American Refractories Company in 1906 
with offices in Chicago, 

Most of the works of these companies make fire-clay bricks. The 
Chester, Pa., plant of the Harbison- Walker Company makes nothing 
hut magnesia and chrome bricks from imported materials. The 
Mount Union, Pa., Layton, Pa., and the East Chicago plants of the 
same company produce silica bricks, while magnesia and silica 
bricks are made at the Joliet plant of The American Refractories 
Company. 

For the manufacture of aihea bricks a few special quartzites are 
favored, such as the pure and highly infusible deposits of Wisconsin 
in the neighborhood of Devil's Lake and Baraboo, and the quartzite 
of Clearfield and other places in Pennsylvania. 

Bauxite is found in large quantity in Arkansas and other states, 
and is calcined and burned into a face brick. Magnesite, too, is 
found in considerable quantity in California, but all the refractory 
ware Sa made from raw or burned magnesite, imported from Greece 
or Austria-Hungary. Chromite brick is made in Europe and 
America from chrome ironstone, imported from New Caledonia, 
Turkey or Greece. 
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Special refractory ware, such as high-grade alumina, graphite, 
carbon and special mixtures of ingredients for particular pur- 
poses, is also made in the large and well-equipped refractory works 
in America, and to a less extent in England, Germany and France. 

The manufacture of hollow ware, such as retorts, crucibles, 
muffles, etc., and the special industries making the artificial carbon- 
silicon and the graphite ware are in the control of firms distinct 
from the refractory brick companies. 



CHAPTER I 
"CLASSIFICATION OF REFRACTORY MATERIALS" 

Materials used in the walls, hearth, roof and lining of hearth 
fumacea, in the walls, boshes, eruciblea of shaft furnaces, in retorts, 
in crucibles, flues and all parts of a metallurgical or chemical plant 1 
exposed to the action of heat, must have the property of sustain- i 
ing high and changing temperatures, the action of the atmosphere 
and of the slags, the metal product and the flarae to which they i 
are exposed without suffering sudden physicial or chemicaleliange. ' 
The increase in the quantity and variety of refractory materials 
has been due to the fact that diff(^rent processes demand difEerent 
properties in the materials, and that while one refractory material 
may give high satisfaction in a furnace used in one branch of smelt- 
ing, roasting or refining, it may lie quite unfit to withstand the in- 
fluences, physical and chemical, which would be produced if another 
smelting method or other temperatures were to be used in the same j 
furnace. Generally speaking, it haa been fomid that the character ■ 
of the slag produced in a particular process determines the type of f ^ 
furnace and kind of material that should be used, once it is 
granted that the refractory material must be able to sustain the 
effect of high temperature without decomposing or suffering con- 
siderable physical change, such as crackingj splitting or peeling. 
Of course it is understood that while some materials can endure m 
a medium temperature, say of 1000° C, they would liave to give ^ 
place to other materials of the same general class of physical and 
chemical refractoriness, which would be able, however, to stand high 
temperatures such as 1300° C. and above if these were to bo used. 

Dividing our list of refractories into classes we find that re- 
actions producing acid slags demand refractories of an acid char- 
acter; basic slags call for furnace materials of a basic character; 
neutral materials are often used in both basic and acid processes, 
but, as a nile, may be regarded as replacing basic materials when 
exceedingly strong resistance to chemical action is demanded of 
the furnace lining. 
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It is plain that when a slag is acid, that is, when its basic con- 
tent in more thaa satisfied with silica or with siliua and alumina, 
there will be little clanger of this slag extracting any more silica 
or'alumina from an acid brick lining. By "acid," when applied 
to refractory materials, we understand a material having for its 
chief constituents both silica and alumina or silica alone. In the 
same way a slag containing more ferrous oxide than is required 
to slag the silica will not be likely to attack a basic furnace lining 
containing calcium and magn^'sium oxides in the form of burncil 
dolomite. And neither the silicioiis slag nor the basic slag would 
have any ill effects on a refractory neutral lining such as ferrous 
chromite. 

The chemical constituents of a slag and of a heated furnace 
material are always endeavoring to form salts of a neutral char- 
acter. Thus a bisilicate slag containing one or two bases, such as 
lime and ferrous oxide of the composition ROSiOj, would make an 
effort to form a singulosilicate of the composition 2 ROSiOi and 
would demand an acid lining since otherwise it might extract 
some of the Imse from a baste lining. Vice versa, a slag that was 
already basic, say 4 ROSiOj, would extract some silica from a 
silica brick lining to form 2 ROSiOa, a more neutral slag. To avoid 
such contingency a neutral or basic lining should be used. The 
fire clays have been especially useful for making fire-brick linings 
«nce they approach the character of neutral salts, namely, silicates 
of alumina; although it is true that, under certain conditions and 
-with certain metallic oxides, the alumina and silica both act as 
acids and are easily corroded by certain basic slags, such as, for 
instance, the oxides of lead, bismuth and antimony. 

For general metallurgical purposes quartzite materials and the 
more infuable clays are in widest use. The physical qualities of 
clay make it verj' attractive to a furnace operator and metallurgi- 
cal mason. Owing to its general occurrence in nature in different 
varieties, no matter how or where located the metallurgist will 
nearly always be able to obtain the various kinds which make the 
best mixture in plasticity, tenacity and fusibility for his pur- 
poses. As a rule the more infusible or hard flint clays are not 
plastic. On the other hand the soft plastic clays are apt to be 
of low fusion point, but it is only by an admixture of about 25 
per cent of the more fusible plastic clays that we are able to work 
the more refractory and harder claya into bricks or into mass 
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suitable for use in furnaces. The common adobe clays or muds, 
iiigh in lime, and other alkalis or alkaline carbonates obtain very 
wide use in a smeltery and save the use of the more expensrive 
clays for plugging tap holes, making breasts and, in dry climates, 
for making sun-dried bricks for various purposes where infusible 
qualities or tenacity are not demanded. We class the clays in the 
following system as acid material for the reason that they may 
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be only used for processes in which acid or neutral effects are pro- 
duced. For instance we may not use fire bricks of the most re- 
fractory kind in the metallurgical furnaces which produce oxides 
of the metals nor may we use them in the linings of the basic 
open-hearth furnaces where the material would be eaten by the 
ferrous oxides and other basic oxides produced. On the other hand 
pure alumina hke calcined bauxite (AljOs) does act as a basic 
refractory and may be used for so-called basic processes. The 
strongest and most highly acid material is quartzite used either 
in the form of slUcious rocks or in the form of bricks or loose 
material in lininge. The moat useful of the strictly basic materials 
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^^K is magnesia, the product of the buming of magnesium carbonate; ^^^| 
^H while "dolomite," by which, in furnace lore, we mean burned ^^H 
^^M magnesium-calcium carbonate, has found a very wide application ^^^| 
^M since the development of the basic Bessemer process and is also ^^| 
^K used widely in open hearths demanding a basic limog. ^^^| 
^H The whole range of refractory materials may be divided into the ^^M 
^H following classes: ^^M 
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^H Fig. 6.* — Graphic RcpresentatioD of Composition and Properties ^^^H 
^H ol European and English Fire Brick. ^^H 

^M Acid Refractories. — Silicious materials depending on the ^^M 
^1 -infuHibility of pure sihca. The materials must then be high in ^^^ 
^P tiiliL'a and tow in metal oxides and alkalis. These are used in the ^^M 

follon'ing forms: ^^M 
(I) Natural rock; (2) Prepared mass; (li) Burned brick; (4) ^H 

Electrically fused quartz. ^^M 

' Sf-e Weber, TTansactiona Amaixun Iimtitnte o} Mining Enginee.r9, ^^^k 
Sept., 1004. ^H 
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AluminouB-silieious material, which depend for their refractory 
qualities on the relative infusibility of the salt, alumina silicate; 
but little free silica may be present, since it lowers the temperature 
of fusion. These also are used in the three forma: (1) Natural 
rock; (2) Prepared mass; (3) Burned brick. 

Basic Refractories. — Materials of pure, or nearly" pure, 
alumina, used in the form of mass and of brick, such as calcined j 
bauxite and alundum. 

Materials consisting of the oxides of calcium and magnesium, 
used in the form of mass or of brick. Among these oxides are | 
included lime, dolomite, magnesite, bone ash and marl. 

Neutral Refractories. — Materials of relatively infusible min^ 
eral salts, such as steatite, chromite and possibly cement, used in 
the form of mass or of brick. 

Natural and artificial carbonaceous materials, such as charcoal, 
coke and graphite, in the form of mass and of brick. 

The artificial carbon-silicon compounds, such as carlmrundmn 
and siloxicon, or, as they are also known, crystalline and amorphous 
crystolon. 

The metals, iron, platinum, nickel, etc. 

The asbestoB refractory batches and paints. 

This classiBcation is made with conaidcratioa of the chemical 
properties of the materials. The property of fusing only at high 
temperatures is essential to all refractories and this is influenced by 
physical qualities which have not been considered in the division 
made. In addition to the chemical analysis of a material it m 
necessary also to know its strengtji, modulus of expansion at high 
temperature, density, specific gravity, porosity, capacity to absorb 
water, the size of the contained grain, its coefficient of heat con- 
ductivity and, in the case of olays, its degree of plasticity and 
adhesiveness. The testing of refractories is an important subject 
and demands a special chapter. 



CHAPTER II 

THE RELATION BETWEEN SLAGS AND REFRACTORY 
VESSELS AND LININGS 

A KNOWLEDGE of the physical chemistry involved in the tompera- 
I ture of formation of silicates, antl other less frequently occurring 
I metallurgical salts, is useful to the engineer who intends to con- 
struct furnaces or to prepare refractories. The chemistry of the 
reactions between acids and bases in metallurgj- is relatively simple 
since the number of acids is limited to two or three. Of these the 
chief is silica, Sid, which, in the anhydrous state, becomes an 
active acid only at fairly high temperatures. On the other hand 
the hydrosilicic acids, ortho-, 2H20.SiOj, and meta-, HaO.SiOj, 
behave like the ordinary hydrous acids, such as sulphuric, HjO.SOa, 
and are active at ordinary toniperatures in at^cking and de- 
composing salts, particularly those containing such bases as 
the alkalis, alkaline earths, ferrous oxide and manganous oxide. 
Practically all slags formed in metallurgical smelting operations, 
as well as all silicate minerals, are salts resulting from these attacks. 
For instance, in mineral formation calcium carbonate on being 
attacked by metasilicic acid, HtO.SiOj, forms the mineral wollas- 
tonite, CaSiOa, and the carbonic acid and water go off as HjCOs. 
In iron-blast-furnace smelting, the flux, lime rock, CaCOj, on 
reaching the zone of fusion, along with the silicious ore, forms a 
bisilicate slag, CaO.SiOj, which is for the greater part really the 
mineral woUastonite. 

In the mineral world we have the formation of olivine by the 
attacks of orthosilicic acid, 2 HzO.SiOi, on dolomite and magne- 
aum carbonate which may also contain ferrous and manganous 
Baits. The mineral class, olivine, includes such minerals as 
2 MgO.SiOj, forsterite, 2 FeO.SiOj, fayalite, 2 MnO.SiO,, tephroite, 
MgO.CaO-SiOs, monticellit*, 2{CaFe)O.SiO,, iron-lime olivine, and 
2CMgFe)O.SiOa, olivine. These same minerals have been seen, 
in crystallized form, in lead-furnace slags, which are singulosilicates 
(orthosilicates) of hme and fern>ua oxide with, often, magnesia 
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and manganoua oxide present. We do not work with sufficiently 
high temperatures in metallurgy to make slags of either dry sihcic 
acid, SiOa, or of alumina alone, neither do we make slags of the 
alkaline earths. Consequently, these are resistant or refractory 
to molten salts containing the same or similar materials in excess; 
for it is almost as much a fact that a slag high in silica will not 
attack a silicious lining, as that a slag high in bases will not attack 
a basic lining such as magnesia, if its physical properties are such 
as to permit its use at the temperature employed. However, we 
have then to consider in a refractory lining not only the chemical 
indifference to the material fusing in the vessel, but also its resist- 
ance, in both a physical and chemical sense, to the elTects of high 
temperature. We demand certain physical qualities in our re- 
fractory. If we are heating some oxide, salt or metal in a crucible 
from an exterior fire, the crucible should, if possible, be made of 
a material which conducts heat rapidly. If we are heating a bath 
of such substance in a furnace, we should demand that the furnace 
lining be an insulator, or a poor conductor of heat. When we_ 
leave the explored realm of the rock silicates, such as sandstone or 
granite, or the alumina silicates, such as clays, and commence to 
uae straight basic oxides as refractory materials, we face the well- 
known laws that a metallic oxide always has both a high modulus 
of heat conductivity and physical instability at high temperatures. 
How these laws are circumvented is discussed in various chapters, 
SufHce it to say that the silica-alumina and siUca refractories have 
enjoyed more than their due usage because of their satisfactory 
physical conduct at high temperatures. A base is always eager to 
pair off with silica and silica is equally anxious to go into the salt 
condition unless it be restrained by its greater afiinity for a base 
with which it may be already combined. With certain relative 
quantities of bases and siUca present we may effect the formation 
of a salt with a desired degree of silieification. According to the 
degree of silieification the salt is known in metallurgy as a sub- 
silicate, a singulostlicate, a sesquisilicate and a bisilicate. In 
mineralogy we have subsilicates, orthosilicat^ and metasilicates, 
but no mineral classification corresponding to seaquisilicates. It 
is not, however, because no minerals of this silicate degree 
exist. The dividing line between ortho- and metasilicatc lies at 

a relation of acid oxygen to basic oxygen of from -— to -^j — 



r 



I 



SLAGS, REFRACTORY VESSELS AND LININGS 23 

Below this acidity the mineral will be classed as an orthosilicate. 
In a fused liquid mass of bases and acids, mineral components will 
- group themselves into mineral entities and, if the slag is cooled 
I slowly, thene minerals will crystallize. Those with an acidity up 
to tlie dividing line mentioned will be orthosilicates, those above, 
metasilicates. Besides the crystallized minerals there will be 
much amorphous glass present, particularly if the slag has been 
chilled quickly. The effect of alumina is to reduce the quantity 
of sihca required to divide the ortho- and metasilicates, since it 
acts both as a base and an acid itself. If no alumina i 
, 1.70 



ratio of -— is the permanent line of divis 
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The type 

of the minorab formed from fluid slag mixtures as well as its 
physical properties and the character of the slag or glass remaln- 
ing depend on the kind of bases present. The particular base 
which predominates and the relative amount of calcium to femic 
(Mg, Fe, Mn) bases determine the class of minerals formed; 
whether, fur in.«tance, in metasilicates (bisilieates) we shall have 
augite, with approximately equal proportions of Ca and Fe, Mn, 
Mg present, hypersthene, with preponderating Fe, Mg, Mn, or 
wollaatonite with excessive Ca, or whether we shall form slag on 
tiie border line of two of these classes and containing both. In 
the orthosihcates in a similar way we may have calcium olivine 
(meUlite) separating with preponderating lime, and ferromagnesium 
or femic ohvine (forsterite fayalite) with excessive ferrous and 
magnesium oxides. These mineral formations take place in slag 
at ordinary pressure.* 

ClasBification of Silicates. — This classification is based on 
tho relative amounts of oxygen in the acid and base radical of a 
aalt. For instance, woUastonite is CaO.SiOi or CaSiOj; this is 
also the composition of many irort-blast-furnace slags. There are 
2 parts of acid oxygen to 1 of basic oxygen; the mineral is there- 
fore called a metasilicate, the slag a bisilicate. If the oxygen 
relation were 1:1, aa, for instance, in forsterite which has the 
formula, 2 MgO.SiO,, the slag would be a slngulosillcate and the 
mineral classified as an orthosilicate. 

• See Pulton'a " Principles of Metallurgy," MaGmw-Hitl Buok Company, 
chapter on slaga, p, 245. 
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Now besides silicic acid we meet in metallurgy, but leas fre- 
quently, the salts of the following acids: phosphoric acid, boric 
acid, the halogens, titanic acid, plumbic acid, biamuthic acid, anti- 
monic and arsenic acids; also alumina and ferric oxide. At times 
some of these metal oxides act as bases, on other occasions which 
are rarer, as acids, Bismuthic oxide, for example, attacks linings J 
of both silica and magnesia, forming respectively bismuthic silicate J 
and magnesium bismuthate. The temperatures at which these 1 
slags form vary. As a rule the slags which have equal quantities 
of acid oxygen and basic oxygen, namely, the singulosilicates, 
have the lowest temperature of formation. Then the temperature 
required to form the slag and also that demanded to keep it fluid 
will rise both as the slag becomes more basic (subsilicate) and 
as it becomes more acid (hi- and trisilicate). Again the formation 
temperature of each class varies according to the base or bases J 
composing it. All magnesia silicates are difficult to form and tol 
keep liquid; iron silicates are much more tractable. * 

The temperature, at which the slag is formed by tho combina- 
tion of the bases with the acid, is, on an average, 200° C. higher 
than the temperature at which the slag will cease to flow or, in 
other words, the formation temperature is about 200° C. higher 
than the freezing' temperature. This difference, however, is not 
constant. Certain minerals and slags are almost infusible at com- 
mercial furnace temperatures and may not be made with profit^! 
Such are the aluminates of magnesium and zinc, known eis spinel%fl 
which form at a temperature of about 1600° C; some spind 
freeze above 1500° C. 

The base and the acid of the slag are alone relatively infumble3 
CaO melts above 1900° C. and SiO, at 1850" C. Now not on] 
does a combination, whether singulo-, sesqui- or bisilicate n 
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L-temperatures very much tower (for instance, CaSiOj melts at 
|; 1512" C). but mixtures of silicate slags or minerals form eutectics. 
' Thus CaSiOj melts at 1512° C, MgSiOs at 1524° C, but a mixture 
witb 30 per cent of the latter and 70 per cent of the lime silicate 
melta at 1350° C. Furthermore, a silicate with more than one 
base fuses at a lower temperature than the one-base silicate. Fer- 
rous oxide is particularly effective in lowering the formation tem- 
perature but more particularly the freezir^ temperature. For 
this reason it is an essential ingredient in slags made from silicious 
ores in large furnaces in which we aim to work at a low tempera- 
ture whether for commercial or chemical reasons. When smelt- 
ing in crucibles with small quantities of materials, alkali salts, 
I such as sodium and potassium carbonates and sulphates, may be 
used to obtain similar effects. Yet it is seldom wise to make slag 
I and salts which either have too low a temperature of formation 
I or are too fluid when formed. The slag must form gradually 
and be sufficiently long m a state of pasty incipient fusion both 
to allow the agents, such as those of reduction and metallic oxides, 
sulphides and salts in the charge, to meet each other and react 
J fully. Then the slag should be, by this stage of the process, 
sufBcientiy liquid to allow the heavy metallic products to settle. 
It is evident that if the temperature of formation is low the slag 
may form before sufficient heat has been developed to complete 
the reactions desired; if the slag is too fluid when formed it will 
I not be sufficiently long in the pasty stage to hold the salts before 
they have suffered decomposition and, if the slag, in its final state, 
be too liquid it will wash out metallic value when tapped or poured 
f from the vessel holding it. Nor may the slag in its final state be 
t too thick or pasty. Even when the initial condition at formation 
I .thick, it must quickly become thinner in order that the work 
^, furnace or laboratory may proceed satisfactorily. There 
{ be an ample <lifference in looks between that of a slag 
lormally and the same when it is chilling. There must 
f be sufficient margin between the temperature of formation and 
J of freezing and such a different aspect between tlic normal and 
I dangerously cold slag that the operator has time tp change the 
I constitution or the temperature before the slag freezes and closes 
Lthe mouth of the furnace. In addition to all these qualities the 
i Blag must be reasonably light so that it may separate from heavier 
\ metallic substances. It has been found that the most satisfactory 
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slags in smelting practice are in the singulo-, sesqui- and bisilicate 
classes, which are represented respectively by lead-fumace, copper- 
furnace and iron-blast-furnace slag. 

A favored lead slag which fulfills the conditions mentioned con- 
sists of 18 to 26 parts CaO, 30 SiO; and 33 to 45 Fe<:); a copper 
slag will contam from 16 to 35 parts FeO, 10 to 30 CaO and 38 to 
45 SiOi; an iron-blast-furnace slag generally contains approxi- 
mately equal quantities of CaO and SiOi, of each about 45 per 
cent. Allowance is made in all cases for 10 parts impurities in 
100 parts. 

Refining slags of all kinds from open-hearth, reverberatory, 
converting and cupelling furnaces are in most cases basic or sub- 
silicatea. Assayers' crucible slags are examples of seaquisilicate 
salts of alkali bases along with silicic and boric acids. 

It is very necessary for the engineer to determine and under- 
stand the nature of the alag, which is to be made, before he pro- 
ceeds to construct his furnace. A lead-smelting furnace slag, for 
instance, is not completely satisfied with silica; it will extract this 
acid even from a fire-clay brick linii^. Sulphides and arsenides 
produced in metallurgical operations, such as matte and speiss, 
which are the names given to the precious and base-metal-bearing 
sulphide and arsenide of iron, also react with the silica of the 
lining. Thus: 

FeS -I- SiOs -}- Oa = FeSiOa -|- SO,. 

The oxygen may be provided by some peroxide of iron present 
in the brick or by one of many other sources. Accordingly 
magnesia is preferred as a lining in crucibles of blast furnaces. It 
is, however, too expensive to use in the linings of settlers; these 
are removed whenever the settler freezes up, which may be a 
weekly occurrence. Sulphides penetrate into the brick lining 
rapidly and, in cooling and cr^'stallizing, disrupt the brick. They 
also agglomerate so firmly to the surface that, in removing the 
matte from a settler, this will carry much of the lining with it, 
A dense material, especially when basic, is much less pervious to 
such attacks. The most resistant material is, however, water- 
cooled iron or steel in the form of jackets. 

An excessively acid slag will attempt to go into combination 
with a basic lining and should he made in an acid-Hned vessel. 
The physical properties nmst also be considered in determining 
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the suitability of refractories for various purposes. Dense mate- 
rial and buTQed and vitrified products wear better than light 
porous and raw refractories, although these are often better in- 
sulators. Wo dare not insulate too thoroughly, as a rule, because 
in absorbing much heat the material undergoes many physical 
uiges which render it less resistant, and it has been found wiser 
\ to waste some heat rather than to endanger the life of the lining. 
The process of vitrification and incipient slagging in burning 
^ brick offers a field for investigation. An effort has been made 
r to describe it in several of the chapters on the preparation of 
! refractory materials. 

The action of hydrous silicic acid on bases in formii^ silicates 
is illustrated in the reactions between the lime and sand in the 
manufacture of sand-lime brick. Lime, to the amount of 6 per 
cent, is added to sand, the whole is well mixed, moulded into 
brick at high pressure and steamed in a closed cylinder. The 
lime combines with a small proportion, possibly as much as 10 
per cent, of the sand, and the calcium silicates formed hold the 
sand together and knit the whole brick firmly and homogene- 
ously into a compact unit. 

Ca(OH)i -i- SiOs = CaSiO,.H,0. 
CaSiO,.HjO + Ca(OH), = CajSiO* + H,0. 
CaCOH)s + 2SiOj = CaHsSi,0.. 

This same principle is applied frequently in metallurgy. We 
find examples in briquetting ores with lime, soda or water glass, 
and in making breasts and packings for furnaces with such mix- 
tures as magnesia, fire clay and water glass which set and harden 
as the hydrous silicates form and bite the mass. These same 

L hydrous silicates are probably formed in ore-sintering processes 

I such as the Dwight-Lloyd. 
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Melting Points of Refractories * 



Substance. 



2nd-cla8s fire brick (clay) 

Ist-class fire brick (clay) above .... 

Pure kaolin (AI2O3.2 SiOa) 

Clay slate (AI2O3.2 SiOo) 

Alumina (AI2O3) softens at ^ 

Magnesite (dead burned magnesite) 
softens at about *. . .' 

Chromite (burned chrome iron ore) 
softens below 

Lime (calcium oxide) softens be- 
low' 

Silica (SiOj) softens below* 

Silicious natural rocks (sandstone, 
granite, gneiss, quartz porphj'ry, 
etc.) melt below 

The more basic T .Syenite from 
rocks melt at I Tharandt, for in- 
lower tem- I stance, melts be- 
peratures. [ low 

Silica bricks soften at 

Magnesia bricks soften at 

Car Dorundum decomposes at^ 

Carbon becomes pliable at 

plastic at 

boils at 



Melting point. 



C. 



140(>-16oO 
1560 . 
1830 
1S;)0 
1970 . 

» 

2500 

2000(?) 

2500 
1830 (?) 



lGOO-1800 



Cone. 



Scger cone 18 
Seger cone 35 
Seger cone 36 
Seger cone 42 



Seger cone 35 



1150 
1750 to 1800 
2000 
2220 
1900 
2500 
3700- 



* Authorities: Kerl, Die Thonwaarrnindustrie; WriRht, Electric Furnace*; Goodwin^ Tranaactiona 
Amt:riran Elcctrorhrmical Society, p. 80; T^ampen, Journal American Chemical Society, VIII, p. 852; 
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* Majpipsium oxide commcnccH to soften at 1010^ C. 

* Calcium oxide commcucos to aof ten at 2040° C. 

* Pure quarts melts at 1700** C. (Lampcn: low.) 

» The formation temperature of carbide of silicon is 1600° C. It co'stallizes at 1950^ C. and 
dccompoacs into in^phite and nilicon at 2220^ C. 

The silicon carbide oxidizes slowly at high temperature in the presence of air. 
Silicon oxidises when heated above 1470° C. 



CHAPTER III 
THE PREPARATION OF THE SILICIOUS REFRACTORIES 

Refractory Natural Rock. — Some natural rocks of the older 
formations formerly played an important role in the construction 
of furnaces. They were roughly hewn, laid with the planes of i 
cleavage at right angles to the bath of metalliferous matter and 
pointed with a refractory mortar of fire clay, or of ground quartz- 
ite mixed with lime or with fire clay. Pudding-stone, ganister, 
granite, gneiss, greywacke and sandstone were all used in the 
construction of reverberatory furnaces for the treatment of lead 
and copper ores and residues, in the crucibles of blast furnaces 
and in flues. For smeltery dust chambers and flues they were 
particularly well suited, and to this day may well be used when 
found in sufficient and readily accessible quantities. This natural 
rock is almost absolutely proof against the attacks of acid fume, 
and withstands the combined action of weather on the outside 
and of heat and acid on the inside. Pure silica, pure alumina, 
and silica and alumina together in the proportions which con- 
stitute a bisilicate mineral, are all highly infusible. Contents of 
lime, soda, potash, magnesia, oxides of nietala and free sihca re- 
duce the melting point. Granite with 74 per cent silica, 16 per | 
cent alumina and 10 per cent alkalis and metal oxides is only | 
moderately refractory, because of the fluxing action of the alkali j 
and metal oxides, and in an otherwise pure silica-alumina rock ' 
any silica in excess of that required to make a hisilicate slag acts 1 
as a fluxing agent. 

The purest and most refractory of the silica rocks is ganister, a I 
quartzit* with about 96 per cent silica, which was found originally i 
under the carboniferous beds in Yorkshire, in the be^nning of the j 
nineteenth century, by Mr. Weston Young. This Yorkshire ganis- 
ter suffers from a small content of lime, which, while helpful in 
making artificial bricks, lowers the melting point of the mineral. 
It ia seldom, however, that natural rock is used at temperatures 
auflSciently high to melt it. Sandstone and pudding-stone with 
30 
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about 90 per cent silica melt at 1600° C, granite, gneiss and 
quartz porphyry, with 90 per cent silica and alumina combined, 
at about 1700 to 1800° C. These rocks suffer more from physical 
than chemical disintegration when in the furnace. The natural 
rocks, especially ganiater and dinas, expand considerably at high 
temperatures, and burst when subjected to sudden changes in 
temperature. They split and crack, unless most carefully and 
gradually heated, and may be the cause of loss of furnace charges. 
Again, large blocks are not as easy to handle as the smaller and 
lighter artificial brick. For these reasons the use of artificial re- 
fractory silica and fire-clay brick has superseded the application 
of the natural rocks. These played an important role, however, 
up to the beginning of the nineteenth century, when Mr. Young in- 
troduced the manufacture of silica bricks and advances were made 
in the methods of preparing fire-clay bricks. Even in the last 
decade of the luuetcentli century there were still in use in Germany 
and in other parts of Europe reverberatory furnaces, for the smelt- 
ing of copper and other ores and middle products, in which the 
foundations and side walls were made of solid blocks of granite. 
The unburncd quartzite rock is still much used, when crushed and 
mixed with fire day, as a lining of converters. This crushed 
silica rock with about 96 per cent SiOj is known as "ganister" 
in the trade and may contain considerably more impurity 
than the rock which is intended for the manufacture of siUca 
brick. 

Silica Bricks — Ganister, Dinas and Quartzite. — These terms 
are used with different meanings in Europe and America. 

The original ganister was a dense, clay-bearing, carbonaceous 
sandstone of gray, gray-brown or red color, which occurred 
under the coal measures near Sheffield in England, Dowlais in 
Wales and in parts of Scotland. The ganister stone from the 
Lowood mine was found in a bed 10 feet thick at a depth of 
1000 feet, and was considered especially valuable for brickmaking 
purposes in the early days of the manufacture of silica bricks. 
This ganister was bonded by means of the contained clay im- 
puriti^ and couldlM^ formed, dried and burned into a brick of fair 
quality without the admixture of extraneous bonding or fluxing 
agents. Later in the process of the development of brickmaking 
the supply of the original natural ganister rock was consumed, 
and then plastic fire clay was admixed with ground quartzite 
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rock in the manufacture of the brick which still bore the trade- 
mark of "Canister Brick." 

"Dlnas," on the other hand, was the name given to the sand- 
stone which was found above the lime measures in the Vale of 
Neath, Wales, by Mr. Weston Young, the pioneer silica brickmaker 
who mixed the sandstone and limestone together and made 
silica bricks with tho natural lime bond, from the beginning to 
the middle of the nineteenth century. His process wa.s imitated. 
Quartzite and sandstone were ground and mixed with limestone . 
which did not occur with the siiicious rock but was especially 
quarried for the purpose, and from the mixture the dinas-silica 
brick was made. 

These dinas bricks achieved a reputation for strength and in- 
fusibility, which carried them all over the world and resulted, in 
later years, in the estabhshment of quarries and factories in 
Germany, America and other countries for the production of the 
silica brick with Ume bond. The standards of this lime-bond 
silica brick were easily set and maintained. The content of silica 
should be about 96 per cent, of lime from 1.2 per cent to 2 per 
cent and of alumina and iron about 2 per cent. The original 
quartzite should have 96 per cent silica and above, and not more 
than 2.5 per cent alumina and iron. The alumina should be 
present in the form of kaolin and not as a constituent of mica, 
feldspar or other alkali-hearing minerals. The content of alkalis 
should be low, not above 0.2 per cent. 

Curiously, the name "dinas" was maintained in Germany, but 
discarded in America, where the name "ganister" was given to , 
the lime-bond silica bricks. The clay-bond silica bricks, which 
were called "ganister" in England and "German dinas" in Ger- 
many, became "quartzite" brick in America, and in this elasa 
were included all brick having 70 per cent and alx)ve silica and 
the rest clay, or clay mineral substance. Now the siiicious rock 
which is used in the preparation of lime-bond silica (the American I 
ganister) brick may be quartzite or sandstone. 

The two most important deposits of silica rock or gamster, as 
it is commonly termed, in America are in the Mt. Union district 
of Pennsylvania and in the Baraboo quartzite region of Wis- 
consin. The former is a fine-grained, yellow to white sandstone 
underlying an overburden of worthless conglomerate, while the 
Wisconsin quartzite is found in mighty bluffs of sedimentary 
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apiinter-graiueti vitrified rock, white, translucent at the edges, 
and but slightly discolored in the mass by a small percentage 
(under 1 per cent) of iron. 

The following analyses show the composition of the different 
quartzites used in making brick. 

A. — Dinas: 
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The American ganister is generally a sandstone or quartzitc, 
of sedimentary formation, with alwut the following average com- 
position, which is derived from analyses: 
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In France a rock called ' 
formation of the Ardennes, 



Gaize," found under the cretjiceous 
is used in the manufacture of quarta- 
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ite brick. It has about 80 per cent SiOj, some alumina, iron 
oxide, lime and magnesia. 

The English quartzite is light gray, translucent at the edges 
and has the fracture of crystalline quartz. The original dinas 
bricks are almost pure white, with a tinge of yellow; they show 
no surface cracks or crevices, and are covered with an even thin 
glaze. The fracture is fine-grained, showing a bright-yellow 
ground mass peppered with holes, brown flakes and pebbles of 
white or gray sandstone, but, nevertheless, the whole is a truly 
homogeneous mixture. The bricks are amongst the most satis- 
factory on the market. They are exceedingly infusible, and, like 
true silica brick, expand regularly at high temperatures, and are, 
accordingly, especially desired for the crowns of arches in re- 
verberatory furnaces and coke ovens. 

The following art; some analyses of dinas and ganister bricks: 
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Amaican Dinas or Ganister: 
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We have then to distinguish between three kinils of silica 
bricks: 

1. Bricks of high silica content with admixed lime only as 
bond, known as English dinas, lime dinas or, in America, as 
ganister. 

2. Bricks of somewhat lower silica content with admixed clay 
as boad, known in England as ganister, in Germany as Gennan 
dinas and in America as quartzite. 

3. Natural dinas bricks, moulded directly from the natural 
rock of mixed quartzite. 

a. Lime dinas, such as is foimd at Neath. 

b. Natural ganister, moulded from the mixture of clay and 

ganister found near Sheffield. 

The ground mass of all is silica, which is used in the form of 
quartz, quartzite, sandstone, gravel and quartz sand to make 
bricks. All, with the exception of sand, arc ground, mixed with 
lime or clay and moulded and burned to make brick. 

Silica bricks, to be satisfactorj', must mcpt the demands of: 

1. Infusibility at highest temperatures fmployed in the in- 
dustrial furnaces. 

2. Strength after careful burning in kilns. 

3. Small change in volume when employed in industrial 
furnaces. 

The purer silica rocks are not all adapted to the manufacture 
of refractories. It is more the physical form than the chemical 
analysis which decides their value. Rounded pebbles of sand in a 
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rock are a detriment; grains of splinter structure help to hold and 
lock the material firmly together. Further, coarse crystals of 
quartz and sandstone bands in shales or schists are disadvanta- 
geous. The more homogeneously knit together the particles are in 
the original rock, the more likely it is to be suitable for fire brick. 

The vahie of a particular silicious mineral is determined by burn- 
ing and observing carefully the change in volume and in strength 
of the original material. If the material expands and swells witb- 
ojit cracking or weakening perceptibly, we may safely say that it 
is suitable for briekmaking. 

Cramer examine<l * a series of quartzites by repeatedly heating 
them. The behavior of these, both in respect to change of volume 
and in cohesion, was very different. Some increased consider- 
ably in volume at the first heat, and relatively Uttle thereafter; 
others expanded but little at first but showed a constantly in- 
creasing swelling in the later heats. Cramer used a temperature 
of fusion of cone 16 (about 1500° C), in these experiments, and 
found a modulus of expansion varying in the first heat from 3,2 
to 23.5 per cent. 

The very pure coarsely crystalline quartzites fell to powder, 
consequently their modulus of expansion is lowest; the greatest 
expansion was possessed by the finegrained, hard, tough quartz- 
ites, which retained their strength and showed the greatest con- 
trasts in volume between the first and following beats. 

The increase in volume is due: (1) to an increase in the size and 
number of the jrores of the mass; (2) to an expansion of the 
mineral itself, and (3) to a transition of part of the mineral from 
a crystalline to an amorphous condition because of the change (to 
tridymite) of some of the quartz. To sum up, the most favorable 
condition indicating soundness for refractory purposes was the con- 
siderable expansion in the first heat and relatively small growth 
thereafter. For instance, a good dinas brick showed an expansion 
of 17.1 per cent at the first heat and only 22 per cent after the 
succeeding five heats. 

The porous minerals, like sandstone and quartzit« slates, be- 
haved very differently. Some of the former broke up into 
powder at the first heat, others showed a continuous expansion 
up to the sixth heat and became gradually firmer and stronger. 
Cramer's test proved that the particular slate under investiga- 
• .S/oW und £isrH, 1901, N. 14. 
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tioa showed continuous expansion up to six heats and would ex- 
pand if heated again. 



Ezp&nsioa of Some Silica Bricks in Linear Percentage I 
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Pennsylvania gonister {K of page 35) expanded from 9.03 
inches to 9.18 inches when heated to 1400° C. and contracted on 
cooling to 9.07 inches. 



Phyiioal Properties of Some SiUca Bricks 
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Quartzite Bricks. — These are i 
' bonded with considerable fire clay. 



lade from ground quartzite 
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Two types of American quartzite bricks showed the following 
analyses and results under tests of physical efficiency. 
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On account of the high percentage of clay these bricks show 
little expansion. Their strength is considerably less than the true 
silica but they are denser and heavier. 

The Preparation of the Silica Brick. — The sandstone or 
quartzite which forms the essential constituent of all silica bricks 
is found in sedimentary formation. It is generally broken by 
drilling and blasting in quarries, and is seldom mined at depth. 
Both in Pennsylvania and in Wisconsin much of the rock is found i 
in the form of boulders on the sides of the bluffs. These i 
broken by laying a stick of dynamite on the outside, covering ; 
with clay and exploding the dynamite. The millstone grit of the 1 
true ganister in Yorkshire underlies the Carbonifiirous and is an ] 
exception to the rule that the rock is found on or near the sur- 
face. The quarry rocks, boulders or broken ledges are examined 1 
carefully, and inferior, ferruginous, calcareous, or argillaccou.s rock 
is rejected. The quartz must be carefully crushed and ground ' 
and intimately mixed to insure the production of a strong firm 
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brick. The silica rock is crushed first either by a gyratory or jaw 
crusher, and thcu ground in pan grinders or between roll's to the 
desired finuness, namely, that which will pass a mesh of 16 to the 
linear inch. The more friable sandstone and gravel, which are 
seldom satisfactory for fire briclw, may be ground direct in the 
Chilean mill or rolls. The hard quartz rapidly wears the cheeks 
of the jaw crushers and the steel of the gyratories. 

Very few of the pure quartz minerals are suitable for refractory 
work, generally on account of physical rather than chemical 
deficiencies. Thus in the United States the silica brickmakers 
are restricted to the use of material from certain parts of Penn- 
sylvania, Missouri and Wisconsin, In the British Isles, Dun- 
kirk in Scotland, Neath in Wales and a part of Yorkshire furnish 
material. In Gennany the silica is drawn from the northeast 
slope of the Siebengebirge and in the Rhine district between the 
Sieg, Lahn and Rhine. 

A good quartz contains on an average about 97.5 SiOi, 
1.5 Al,Oj, 0.5 FejOj, and smelts at cone 35 to 36 (1830 to 1850° C). 
It is necessary to have some AljOa and FcjOj in the raw material 
fflnce these form the particles of slag in combination with the 
silica, and these particles distributed throughout the whole mass 
make it porous and give it the property of a clinker. Nevertheless, 
the content of AljOj and FejOi should not lie greater than 2 per 
cent, and is generally 1.5 jif-r cent. By regulating the quantity 
and character of the bases in the raw material, and noting the 
capacity of these ba-ses for slagging and making infusible slags when 
they do combine with silica, an approximate idea of the possibilities 
of the mat^-rial may be obtained. 

Thin sections and fire tests avail little if these requirements are 
not filled. One condition seems to be necessary above all, that 
the raw material lie rock, since sand and gravel give less satis- 
factory results. Further, no highly refractory brick will result 
unless the most intinmte mixture of silica and bond be effected, 
The rock should possess a vitrified rather than a granular structure, 
and the ground material under the microscope should appear 
splinterj', the particles of heterogeneous form, shape and size, and 
the whole semitranslucent. Alkalis may be present only in small 
quantities, not to exceed 0.2 per cent. Lime may be present in 
larger proportions, but all fluxes should not exceed 3 per cent. 
Alumina is not harmful when present in quantities up to 2 per 
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cent, provided it is in the form of kaolin or silicate of alumina, 
wiiicli, while relatively infusible, sinters with the lime and some 
of the excess silica of the rock, and holds the brick firmly together 
after burning and produces a resonant hard clinker. While alkalis 
are harmful constituents, alkaline earths may be present in but 
small quantities. The law of the fusion and formation tempera- 
ture of slags applies essentially in brickmaking. The greater the 
number of bases present, the lower the formation and fusion point 
of the slag or sinter, the weaker, therefore, at higher temperatures 
is the brick. Furthermore, the presence of alkalis and alkaline 
earths presupposes the existence, in the quartzite, of the original 
minerals which composed the igneous rocks whose decomposition 
produced the sedimentary quartzites. Among such minerals are , 
the feldspars, mica and epidotes, all of which are themselves rela- 
tively fusible. 

The Manufacture of Lime-Ganister, or Dinas, Brick. — This 
may be divided into four processes: 

a. Selecting {and, if necessary, washing) the rock. 

6. Selecting and burning the limestone. 

c. Grinding and mixing the silica and lime, and pressing the 

brick. At certain plants some sand (fiot above 5 per cent) 
is added to the mixture in the pans. 

d. Drying and burning the brick. 

The washing is done in a revohing trommel. A stationary 
grizzly above this is inclined at such an angle that the rock will 
move. The upper end of the grizzly and trommel are sprayed, 
the water and mud r unni ng into a tank below the foundations. 

After selection of the rock, care must be given to the degree of i 
grinding and the intimate mixture of silica and lime in order that 
a good firm clinkered brick will be produced. 

The Making of the Lime. — A pure, soft, white lime is gen- 
erally used. This is obtained from burning limestone which has 
a high percentage of calcium carbonate and contains little mag- 
nesia. The luaiestone is burned at a temperature of 1000° C, in 
order to drive out all the carbon dioxide, which leaves the stone 
at 800° C. After burning the lime is slaked. Too high a tem- 
perature renders the slaking slow and difficult, especially in cases 
where the limestone contains silica and alumina. If magnesium 
carbonate be present in quantity above 9 per cent, it will make 
the lime worthless. The lime should be burned fresh. If raw 
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stone is stored it takes up carbon dioxide and water. Sixty per 
cent of water by weight is added to tlie burned lime to slake it. 
This slaked lime may be kept some time in wet sacks without 
suffering chemical change. An illustration of a lime-burmng kiln 
is shown in Fig, 7, which represents the kiln at the Mt. Union 
(Pa.) silica brick works. 

The quartzite is stored in the open yard, since it can but im- 
prove by weathering. The lumps are broken into pieces which 



will feed into the jaw breaker or gyratory. If dirty they are 
first washed in the trommel. From the crusher the broken 
material is carried generally by an elevator to the mixing floor or 
to the pan grinder. 

The lime is mixed on the same floor with the proper quantity 

of water (this may lie done in barrels or in a mixing trough) and 

separated from the impurities, which settle to the bottom. The 

' lime milk may then be strained through a fine mesh. The right 

I proportion of lime to silica is of first importance in effecting 

'Strength of brick. The right mixture will produce a hard, ring- 
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ing, clinkered brick, when otherwise a dull, weak product might 
result. The quartzite is now charged evenly on the pan of the 
grinding machine, and, after several revolutions, the approved 
quantity of milk of lime in added. An approved mixture in ouu 
factory is 75 parts of quartzite, 20 per cent of grog (old shapeajfl 
1§ per cent lime and 5 per cent sand. ■ 

Another method is that of mixing the quartzite and milk of 
lime in a mixing trough on an upper floor and charging this mix- 
ture on to the wet pan grinders through a chute. Such is the pro- 
cedure in the factory shown in Fig, 8, where the wet pan grinder 
is shown. 

After the mixture is sufficiently well ground the mass is swept 



Fig. 8. — Wet Pan Grinder used in the Preparation ot the Masa for Si 
Fire Cloy and Magnesia Bricks. 



imoM 



o£f the table by a scraper which may be attached to the re- 
volving shaft, or it may be lifted out with a shovel. 

The crusher and grmdens wear very quickly and particles of 
iron are constantly found in the mas.'j. Some of this oxidizes later 
and forms the red spots noticeable in ganister brick. In some 
factories all the quartz is not ground fine, but an effort is made 
to obtain a mixture of coarse and fine material of the following 
proportions: | powder, J grain of 1-3 mm. (about -^ inch) 
and J grain, 3 to 7 mm. (average about i inch). The quan- 
tity of lime (CaO) should be as small as possible. This lime 
serves not only to make the mass mouldable but also forms the 
surface slag, lime silicate, which bonds the mass together andj 
makes it a clinkered brick. This slag does not penetrate into t 
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iddle of the brick. Other bonds, suggested and used, include 
loride of lime, magnesium chloride, alum, water glass, sugar, 
* syrup, molasses, tar, rye, meal, etc. Further sulphuric acid has 
been added to sulphatize the lime. A German patent (D R P 
69,318) proposes to use gypsum with the addition of aluminum 
sulphate or magnesium sulphate as bond. For instance, two per 
cent of gypsum and one of aluminum sulphate may be used as a 
bond, with 0.85 lime and 0.15 alumina as fluxing agents. To in- 
crease the plasticity of tho mass an addition of several per cent of 



FlO. 9. — Moulding Floor. 
thoroughly-temiiered ma 
men in the foreground ai 



(The man an the upper floor baa brought the 
a m the dump car from the wet pans: the work- 
3 moulding Ihf brick.) 



Bre clay is made; but the total CaO and AI3O9 should not be more 

^nan four per cent of the mass. 

Moulding. — The moulding of the bricks may be done in 
open wooden or iron moulds, with a second finishing-shaping in a 
hand press; or the bricks may be formed by a hydraulic press 

Eietimes equipped with a revolving table. Shaping by hand in 
:n moulds is preferable. An iron plate is pushed under the 
uld, which holds six bricks. The batch is worked and pressed 
in the mould, the bricks are shaped and levelled, and then the 
mould is lifted out of the batch and away from the plate. The 
whole plate with the shapes is then pushed on to a buggy rack. 
~ ;. 9 shows the method of transferring the mass from the wet 
B to the moulding floor and the process of hand moulding. In 



PREPARATION OF SILICIOUS REFRACTORIES 45 

suggested that the bricks be dried in cylinders under steam 
I pressure of several atraospherea, just as ia done in the manu- 
I facture of sand-lime brick. The usual method, however, is to dry 
I them on buggy racks in drying tunnels heated by steam or hot 
i air. (See Fig. 11.) This hot air is generally obtained from a 
f brick kiln which is in the process of cooling. If steam is used 

it b applied in coils or pipes laid under the racks or under and 
r about the tuimel and is obtained from boilers which are heated 

by the waste heat from burning brick in kilns or chambers. The 
r process of dr>ing in the tunnels takes from 10 to 20 hours. 

Burning. — Silica bricks are burned for a period of from 
I 7 to 10 days at a temperature which rises as high as 1600° C. 
f An effort should be made to obtain a temperature in the 
■ burning kiln higher than that at which the bricks will be 



Pia. I 



- Round Downdraft Kilna . 



employed in the industries afterward. The bricks should be set 
as free as possible in the kiln, and .should not be overweighted, and 
it is highly important that after the burning they should be 
cooled slowly- A system of firing should be used which prevents 
the posability of a draft of cold air suddenly chilling the brick 
during the process of burning. Round kilns of the downdraft 
type are almost universally used, with either natural draft fire 
boxes or the Parsons' system of forcing draft by mea,ns of steam 
i jets. This type of kiln is shown plainly in Figs. 12 and 13, In 
I Germany a system of kilns is connected and called a Kam- 
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merofen. These have the advantage of conserving the waste 
heat since the hot air from one furnace is used in the neighboring 
furnaces, but the particular chamber in which the bricks have just 
been burned must be shut off until its temperature has fallen to 
about 700 or 800° C. 

Burning silica bricks is a long and tedious business; the only 
nay to hasten it would seem to lie in expediting the cooling, 
ffhich might be done without danger, by blowing in hot air. The 
dinas and ganistcr bricks are liable to crack if cooled too quickly 
or unevenly. The kiln^ arc of various sizes. The large type of 



- at « a ■ Bi< 



Fig, 14. — Drying Fioor. 

round American kiln holds 100,000 brick. A kiln which holds 
I 30,000 brick is 12 to 15 feet in diameter and 13 feet high at the 
I spring of the dome. This kiln would have from six to eight fire 
Bricks for special purposes may be burned several times; 
I the first time at Seger cone 16, the second time at cone 18 and the 
third time at cone 20. Especial pains must be taken in moulding, 
dryii^ and burning diflBcult shapes such as are shown in Fig. 14. 
These are moulded by hand in wooden forms and dried on a floor 
heated by undcrlyii^ steam coils or by overhead hot-air pipes, 
which are clearly shown in Figs. 14 and 15. These hot floors re- 
place the drying tunnels. Still greater care is exercised in setting 
the "difficult" shapes in the kiln. They are generally laid high 
in the kiln on top of normal shapes so that they have but little 
weight to carry. 
The ordinary standard bricks and forms are placed on edge, two 
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rows always being s6t in the same order, and the next two rowra at 
right angles to the next liifcrior rows. At certain regular inter- 
vals a row of burned bats ia set to support the higher rows. The 
whole kilnshould not be filled with green unbumed brick, since this 
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^t^msfmm 



Fig. 15, — Wheeling Shapes to Kiln from Drying Floor. 

would cause the lower rows to be too heavily weighted. The 
greatest weight that should be allowed to rest on any row of bricks 
should not exceed 3 pounds to the square inch. 

The operation of burning may be divided into three periods of 
(1) dehydration, (2) oxidation and (3) \'itrification. The tem- 
perature rises in the first to 300° C, in the second to 900° and 
in the third to 1500 or 1700° C. The draft rises during the first 
period to 4 mm., and is gradually reduced during the last to 
about. 2 mm. The whole operation is controlled by water test- 
ing rods, pressure gages and pyroinetric cones. Further infor- 
mation on the proces.'i of burning is given in the chapter on 
the manufacture of firo-clay brick. 

Properties and Application. — Owing to their porous character 
silica bricLs are light, brittle and not easily worked. They are only 
fair conductors of heat, break if heated with insufficient regularity, 
and under rapid change in temperature they become friable and 
crack. They are easily attacked by basic slags, metal oxides and 
flue dust. They are the best of all fire bricks to employ where 
constant high temperatures are used and where acid slags are 
produced. They are superior to fire-clay bricks in that they ex- 
pand regularly at high temperatures. This is of value wherever 
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mortar is used and especially in crowns and arches, for fire-clay 
bricks expand scarcely at all, and all mortars shrink. Tiie com- 
monly accepted axiom that a fire-clay brick shriaka on using in 
industrial furnaces must be modified. As a rule it expands some- 
what when the furnace is in heat, but contracts considerably 
from its original dimensions when the furnace is cooled. 

On account of the liigh modulus of expansion of the silica brick 
they must not be laid ttjo closely. Tie bars must be slackened as 
the bricks expand, and to minimize danger of cracking the fire- 
brick walla and roof must be heated gradually, evenly and slowly. 
The best mortar to use is ground silica brick in a little fire clay, 
or quartz sand mixed with lime. 

The Silica Brick with Clay Bond, Called the English Ganister. 
— The ganister, or milL'^toiK' grit, is ji thick clay-bearing 
Carbonaceous sand.stone of gray or rcLidJsh*brown color, which 
occurs in the districts of Sheffield, of Dowlais (Wales) and of 
Gartcosh (Scotland), and uuderhes the Carboniferous measures. 
Analyses of ShefBekl and Dowlais stone resulted as follows: 
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94.40 
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Trace 
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95.55 
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CaO 


AlWi 
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102,00 


99.79 



In Wales 8 per cent of fire clay is added to increase the plas- 
ticity; less is added to Sheffield material. 
The composition of English ganister bricks is as follows: 
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German ganister, also called German diaae brick, analyzed (n^ 
follows: -tft 





Rhine dinas 


PuddlBfii»Bnq>Ml>l brick. 


SiO, 




M™4 
9.16 


Fnoent. 
92,85 
( 4.95 
} 0.87 
I 1.83 


Fluxes^ _ 




100.00 


100,00 


100-00 



German natural ganister, 
quartz shale, analyzed thus: 



blocks hewn from Crummerdorf 



Per cent. 

SiO, = 88.14 

AljO, = 6.11 

FejOs= 0.45 

Alkalis = 5.30 

100.00 



This rock is grayish white and ha.'^ a specific gravity of 2.1 to 
2.35. This material seems especially suited for the linings of 
lime and cement furnaces. Kerl reports * that in testing this 
material for refractories, cones were made of marble and of cement 
and their action in fusing on test blocks of fire-clay brick, on 
true dinas brick and on quartz whale determined. At 1450° C 
the quartz shale was least attacked. The fire clay was eaten out 
into a hollow under the cone and this was filled with a glassy 
slag, while a similar slag penetrated the heart of the dinas. With- 
out combining chemically with the mass it penetrated the porea 
of the silica brick, while the homogeneous natural quartz shale 
resisted any infusion of the slag. Further tests proved that sand- 
stone and lime showed less affinity to form slag than the fire clay 
and lime. 

Between the clay ganister or dinas bricks and the true fire 

clay lies a class called the quartzite brick, made by bonding 

quartzite material, generally sand, with considerable clay. The 

• HnjuJbucft dir Gesammti 
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bricks were made with the idea of combining the virtues of the 
silica brick; namely, extreme refractoriness at high tempera- 
tures, with the physical superiority in strength of the fire clay; 
they should not expand as much as the silica brick. Generally, 
the mixture consists of two parts of sand, gravel or crushed 
quartzite to one of fire clay. Fine powdered quartz is not suit- 
able. Within reasonable limits the silica should be rough and 
coarse. Kerl states that * the addition of quartz duat to clay, both 
melting at Seger cone 33, gave a mixture melting at cone 33. Some- 
timea fine coal dust is added to the mixture of clay and sand, in 
order that the volume of the brick may not change after several 
heats. For instance, in Germany bricks are made from a batch 
containing : 

1 part clay from Passau, 2 parts sand and some fine coal dust. 
Another refractory mixture is composed of: 

31 parts unburned Belgian clay, 52 parts burned Belgian clay, 
in grains of 2 to 3 mm., 17 parts quartz. 
The Austrian State Railways use in their converters: 

2 to 5 parts unburned clay, 6 parts burned clay and 1 part 

quartz. 

These bricks are not so strong as the fire clay, but are more 
easily worked, and are more plastic than the dinas and ganister 
masses. The clay is ground fine; to this the quartz is added. 
Then the mass is worked with water, kneaded and formed into 
bricks, which are dried and burned. These bricks are not long 
lived since they are constantly changing in chemical and phys- 
ical constitution owing to slag action, which tends to disrupt 
thejn. 

An English brick containing 66.5 SiOj, 29.74 AUOj and 2.65 
FejOj melted at cone 31 (1750°), and showed a linear expansion 
of 1.2 per cent after the first heat, 2.2 per cent after the second, 
2.77 after the third, 3.14 after the fourth and 3.59 after the 
fifth. 

The quartz-clay bricks are used in puddling, malleable, cupola 
and crucible furnaces, in coke furnaces (for the base flues), for 
converter linings and In glass furnaces. 

American quartzite bricks analyzed as follows:! 

• Handburh der Gesammten Thonieaarcniniiuslrio (1907), p. 905. 
t Private communication. 
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The dinas and gaoist^r bricks proper are now extensively used 
in coal-gas retorts, in the lining of by-product coke ovens, such 
a« the Semet-Solvay, Koppers and Otto HofToian, for the crowns 
and domes of beehive coke ovens, for the hearth and side n-alls 
of glass furnaces, in open-hearth furnaces, for copper refining, in 
converters, both in the form of mass and of large forms, in re- 
generative checkers and in crucible steel melting furnaces, where 
^lica has replaced fire brick almost entirely. Difficult shapes are 
leas often made of silica than of fire clay. It must always be 
borne in mind that the smaller the brick used the more elastic 
and durable will be the structure, and that the homogeneity and 
e%-en vitrification-slagpng is most easily obtained in small sizes. 
The use of small sizes is also encouraged by their regular expansion. 

Expansion in Dinas Bricks* 

Tlie expanaon of dinas or silica bricks b, said to be due to the 
conversion of the quartz into tridj-mite. The microscopic exami- 
nation of a piece of dinas briek, which has been exposed for « 
long time to the heat of a furnace, shows niunerous crystals of 
• Engineering and Mining Journal. Dec. 18, 19II. 
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tridymite ia the ground mass, consisting, according to the amount 
of iron present, of a brown, red or yellow glass surrounding the 
larger quartz grains. 

Apparently the quartz does not pass directly into tridymite, 
but is first converted into a vitreous, amorphous or molten con- 
dition of lower density than tridymite. In sections of dinas 
bricks, which have been completely melted down, owing cither to 
prolonged heating or t*j large amounts of fluxing materials, traces 
of tridymite are wanting, and in their place strongly reflecting 
isometric crystals arc found; these are probably cryatobaUte, 
which is stable at a higher temperature than tridymite. As a 
rule the quartz grains of dinas bricks are penetrated by fine 
cracks from which the vitrification starts, and the larger the 
number of cracks, the larger the number of small grains into which 
the crystals split and the more rapid the increase in volume on 
heating. 



Analytm of WiscoDsin aonlster Bock * 
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• Commimicalod by Dr, Virlor Lonher, 

The percentage composition of material suitable for making 
dinas bricks should be alrout 97§ per cent silica, Ij per cent 
alumina, li per cent ferric oxide and small amounts of alkalis and 
magnesia. The lime added as a binding material should not 
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exceed 2 per ceot of the mixture. Microscopic examination ol 
bumod dinas brick shows that there is practically no diffusion 
among the raw materials unless the brick has been actually melted 
n an ordinary dinas brick, from one-third to one-half the whole 
amount of quartz present has been converted into tridymite or 
cryatobalitc and a change of the remainder takes place more or 
ess slowly in the furnace, but probably other factors such as 
rarosity, the formation of fusible solutions, the change of the 
glass into tridymite, etc., tend to counteract the increase in 
volume. 

used is Kieselguhr or infusorial earth which is really the silicifiet 
remains of small animal organisms. 
Samples from Oberhohe in Germany analyzed: 
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As a refractory material it has not proved as satisfactory as 
he quartzites, such as dinas. 

Dr. Jos. W. Richards* describes a refractory material callec 
'Moler" which is a diatoniaceous clay found in Jutland. When 
moulded and burned alone without admixture of any kind, the re- 
ulting brick is light, firm and so tough that a nail may be driven 
through without cracking it. 

The specific gravity of the burned bricks ranged from 0.87 
to 1.13, the crushing strength was 86 "to 230 kg. per square centi- 
meter and they had the capacity of absorbing 50 per cent oi 
heir weight of water. They are said to make splendid heat 
insulators but may not be used where exposed to moisture in 
he air. 

Their high porosity makes their heat conductivity unusually 
ow. They have been tested in furnaces heated to 1100° C. and 
ound satisfactory. 

♦ Elcclrochemical and MetaUurgiaU huluttry, Vpl. VII, p. 474. 
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Home-made Silica Brick. These have been made at times in 
remote districts particularly in constructing copper-refining fur- 
naces. A description of the method used at a remote Mexican 
smeltery is given in the section "C!opper-Refining Furnaces," in 
Chapter VII, page 161. 



CHAPTER rV 
THE PREPARATION OF THE REFRACTORY CLAYS 

Refractory Materials Containing Alumina as an Essential 
Constituent. — Under this heading ure piassed those clays 
which have a fairly high fusion point, such as certain kinds of 
mud and adobe clay, fire and potter's clay, flint clay, kaolins and 
shales. 

The term clay embraces all the alumina silicates which may 
absorb water and derive therefrom sufficient plasticity to make 
them mouldable. This moisture they lose temporarily by drying 
and permanently when burned at high temperatures. Chemically 
the clay is a double silicate of alumina, consisting of hydrous 
silicate of alumina, with silicates of the alkalis, alkaline earths 
and iron. Water may be present, both chemically combined and 
free. Neither the hydrous silicate nor the double silicate of 
alumina is found pure in nature except in the form of minute 
crystals of kaolin. 

Clay occurs in nature either as such, or as a constituent or bond- 
ing body of rock masses such as conglomerates and sandstones, 
as " walls," between veins and country rock, and is foimd in every 
formation of every geological period. 

It is not an original formation but the result of weathering, 
and, accordingly, is more widely distributed in the younger than 
in the older formatioas. It is almost entirely by chemical dis- 
solution and mechanical destruction of the feldspar-bearing rocks 
that we obtain our deposits of clay. The slimy sediments form 
definite layers of compressed mineral, and at the same time an 
autogenous mixing of the original sediments results in a complete 
recrystallization into our present clay, clay slate and phylUte or 
micaceous clay slate. Owing to admixture of sand the pure clay 
will become mud or loam; it is to an addition of lime or dolomite 
to clay that we owe our marls, calcareous clay schists and cal- 
careous phyllitca. Of all these classes of clay only a small pro- 
portion are suited for fire clays. These result almost entirely 
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from the decomposition of the eruptive rocks high in feldspars, 
which yield kaolinite under the influence of leaching and weather- 
We might then classify the clays into two types, the kaolin 
clays suitable for refractory work and the common clays. 

In the course of deiMJsition, sand, mineral particles and clay 
' substances are separated according to the specific gravity, A 
stream will deposit coarse sand and carry heavy clay mass in 
. suspension to deposit later in a lake. Accordingly, we find clays 
either bedded, resulting from intermittent deposition, or homo- 
geneously massed, the re-sult of continuous deposition through a 
long period of time. To this latter class belong the plastic clays. 
Should the pres.sure on the beds have been considerable, it often 
[ happens that the plastic clays become hard and dense. 

The principal constituents of clay are first, kaolinite, AljSiiO? 
\ 2HiO, with 39.7 AliO,, 46.4SiO^ 13.9 HiO; also, sand of primary 
or secondary origin, which reduces the refractoriness of the .clay, 
and "schluff," a fine product formed by the weathering of the 
mother rock and consisting of various minerals which resist kao- 
linization. In considerable quantities it renders clays fusible and 
' unsuitable for refractory work. 

Clays are sometimea classed as fat, lean, plastic, slate, bitumi- 
I nous, marl and mud (loam). 

The more conmion impurities in clay are derived; 

1. From original, unchanged, rock particles, mechanically 
\ mixed, such as quartz, feldspar, mica. 

2. From contemporaneously formed products, such as lime 
and magnesia carbonate, hydroxide of iron, etc. 

3. From later admixture from foreign rocks, such as sand, 
[ bitumen, etc. 

Clays may carry pebbles, lime shells and caprolites, feldspar, 
[ mica, sand, organic remains, carbon, resin and glass particles of 
I volcanic origin, also pyrite, generally in the form of marcasite, 
I iron phosphates, alkali salts, titanium, gold, chromium, fluorine 
I and boric acid. 

Color of Clay. — Seger classifies the clays according to color 
I as follows : 

a. Clays containing small quantities of iron which burn white. 
I The iron content may amount to several per cent, 

6. Clays containing a moderate quantity of iron. These bum 
I jMile yellow to brown, such as plastic clays with 20-30 per cent 
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AliOj and 1-5 per cent FeO and FejOa which are suitable for fire 
ware. 

c. Clays with considerable iron, burning red, violet or blue 
black. 

d. Clays high in iron and lime, low in alumina; they bum first • 
red, and, at higher temperatures, white; in melting assume green, 
dark green and black colors. 

Mineralogically, Ries* suggests that clay consists of: (1) frag- , 
ments of numerous minerals, oxides, carbonates, silicates, etc., 
some fresh and some in a process of decomposition or decay, and 
(2) of colloidal material of organic or mineral origin. The mineral 
parent is in most cases a feldspathic rock, in other cases such 
rocks as gabbro and serpentine, which weather into very plastic ■ 
clays, though low in alumina. 

The process of disintegration and change of rock into clay is ' 
accomplished by varying kinds of weather, the alternate heat and ' 
cold thus opening them and allowing the silicates to be attacked by 
the surface water. Cameron and Bell t show the action of water 
by the following formula: 

KAlSijOa + H,0 = KOH + HAlSijOa. 
The HAlSijOg by losing some of its silica may change under the 
action of weather and water into kaolinite (AljOjSiOi), and the 
alteration of the feldspar is called kaolinization. This process 
may also be effected by the action of mineralizing vapors. This 
is discussed by Ries. J Ries classifies the clays into residual 
(formed by decomposition of rocks in situ), coUuvial (formed by 
wash from the residual) and transported clays. Where the clay 
is found overlying the rock from which it was formed, represent- \ 
ing the residue of rock decay, it is called a residual clay. When j 
derived from a rock composed entirely of feldspar with little or no 
iron oxide, it ,is usually white and is, therefore, termed a kaohn, 
which may or may not have contained a high percentage of the 
mineral kaolinite. It is important to remember that the word '■ 
kaolin is used to denote the clay, while kaolinite signifies the | 
mineral. 

An analysis of the natural kaolin from King-te-ching used in I 
the manufacture of the finest porcelain resulted as follows: 
• Md. Ged. Sur.. Vol, IV, 251, 1902. 
t Bur. of Soils. Bull. No. 30. p. 16. 1905. 
t "Claya," p. 5. 
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Silica (SiO,) 73.55 

Alumina {A1,0,) 21.09 

Ferric oxide CFejOi) trace 

Lime (CaO) 2.55 

Mag^iesia (MgO) 15 

Potaah (Krf)) trace 

Soda (NaiO) trace 

Water (H,0) 2.62 



A waslied kaolin from Hoc Ressin, Delaware, shows a very 
I Etriking difference In composition. An analysis of this gave 
[■48.7 per cent silica, 37 per cent alumina, 0,79 ferric oxide and 
I 12.83 per cent water. 

The extent of the residual clay and the manner of its occurrence 

I in a bed or a ledge, its color and depth, depend on the shape and 

I extent of the ori(pnal rock deposit, its chemical composition and 

' the climatic conditions and location under which the parent rock 

was changed. 

On the distribution of residual clays Ries says that they are 
usually of a ferruginous character in many parts of the United 
States, and reach their maximum of development in that portion 
I lying east of the Missis-sippi and south of the southern margin 
of the ice sheet of the glacial period. North of the terminal 
moraine they are found only in protected areas which escaped the 
glacial action. One of the better clays of Wisconsin is foimd in 
the driftless area. Another is found underlying the Potsdam 
sandstone, proving its great geological age. An analysis of such 
residual clays will show from 39 to 71 silica SiOj, from 12 to 29 
AliOa, from 5 to 18 iron oxides, 1 or 2 per cent of soda and potash 
and 4 to 14 per cent water. 

Residual clays can scarcely remain on slopes, but are washed 
I away by rain into streams to settle in lower and sometimes distant 
( areas. In the process of washing and transjwrting and, when the 
velocity of the stream is checked, a deposit of clay is formed by 
' one layer of sediment being laid down on top of another and, as 
there is considerable variation generally in the grain and quality of 
' the layers, one layer will tend to separate along the line of contact 
\ with another. As fine material can only be deposited in quiet 




G. F. Marrill, "Non-Metallic Minerals," p. 224, 1904. 
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water, while coarse material deposits in disturbed water, we may 
and do have layers of these one on top of the other, showing how 
the life of the stream changed. Clays deposited in this manner 
are called sedimentary. They are milike the rock on which they 
rest and are always stratified. In addition to the deposits made 
by streams we have the marine clays deposited on the ocean 
bottom at some distance from the shore, estuarian clays, such as 
those of the Hudson Valley and the Hackensack region of New 
Jersey, swamp and lakelike clays (which are used for common 
brick and earthenware), flood, plain and terrace clays (from which 
we get ail kinds of material suitable for pottery, tile and brick), 
drift and seolian clays deposited by wind action. 
Orton* has classified clays as follows: 

HJ^h-BTBda clays ISO por rant Low-grade cUya (10 to 70 por cent liaolui with voriable 

Kaolin ArgUlaceoufl sholR-paving block 

China clay PemiginouH Bhale-presaed brick 

Porcclaao clay Silicious clays — sewer pipe and paving block 

Fire clay (hart!) Tile claya 

Fire clay (plnatic) Brisk clays 

Potteta' clay , , , Calcareous shalca — bricka 

The Mineralogical Composition of Clays. — Besides kaolinite 

and its kindred hydrated silicates of alumina, such as balloysite, 
thorolite, allophane and pyrophyllite, the following minerals are 
present in various claya: quartz, .feldspar, mica, oxidized iron ores 
as well as pyrite, calcite, gypsum, rutile, which are of widespread 
occurrence in clays; glauconite, a hydrosilicate of potash and iron; 
dolomite, magnesite, both highly refractory but when mixed with 
other minerals exerting a fluxing action even as lime and other 
earthy oxide; zinc blende and garnet; tourmaline, which occurs in 
kaolin; and, in some cases, rare elements such as cerium, yttrium 
and beryllium. 

The actual chemical analysis gives less clue to the properties 
of the claya than the rational analysis which has for its object 
the determination of the different mineral compounds present, 
such as quartz, clay substance, feldspar. Naturally, clays which 
have a similar ultimate analysis may have an altogether differ- 
ent rational analysis. For the methods of making the ultimate 
analysis readers are referred to Eies.f 

• Ohio Geol. Survey, Vol. VII, p. 52. 

t "ClayB," pp. 61, 68. 
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The refractory coefficient 7- ia derived as follows: The relatioa 
of alumina to silica, or t< divided by the relation of the fluxes to 



. is the refractory coefficient orj-- Thia method of 



I 



alumina, < 

determining the refractoriness ia fairly accurate for technical pur- 
It cannot be exact since it does not take into consider- 
ation physical qualities — density, porosity, size of grain, manner 
of burning and other factors, which influence the refractoriness 
and the degree of fusibility, such as number of bases present. 

The texture is especially important. As a rule, the more 
sely grained material is the more refractory; if of uniform 
composition and grain, there should be no difference in the fusi- 
bility of a coarse and fine sample of the same material. If, how- 
ever, the fine parts are highly aluminous and the coarse parts 
very silicious, when the clay is heated, active fluxing between the 
clay and silica is prevented and the clay fuses at a higher point 
than one might assume from the chemital analysis.* 

Tensile Strength. — Fire clays vary in tensile strength, and 
often, though sufficiently refractory, must be strengthened by the 
addition of some plastic material, even at the cost of refractoriness. 

Colors. — Fire clays are of all colors. Since ferrous and ferric 
oxide both are active coloring agents, a very low periientage of 
such impurity may discolor a clay which has a high refractory 
coefficient and is a fairly pure aluminum silicate. As a rule, the 
better quality ffint clays are white or p-ay, and china clay or 
kaolin is quite white. 

Plasticity. — As a rule, the fire clays belong to the lean and 
fiint class. The more plastic clays are seldom very refractory. 

The origin of the quality of plasticity has never been fully 
determined. The various theories to explain this quality have 
been admirably summarized in Dr. Ries' book, "Clays, Occur- 
rence, Properties and U.ses." BLschof suggests that it is due to 
the presence of some particular hydrated silicate of alumina, while 
Seger, the originator of the pyrometric cones, thinks that the 
plasticity is determined by the efltective molecular arrangement 
of the structure of the parent rock. Another theory that plas- 
ticity b due to a colloidal condition of the fine particles or some 
• Riee, " Claya," pp. 178, 211. 
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proportion of the particles which constitute the clay mass baa 
been discussed along with the plate theory (that most plastic 
clays were composed of small transparent plates bunched to- 
gether), the uiterlocking grain theory (the interlocking of the clay 
particles), the molecular attraction theory (due to molecular at- 
traction between the clay particles themselves or between the 
clay grains and water surrounding them), the bacteria theory (the 
addition by bacteria of organic colloids to clay) and other theo- 
ries. The plasticity of a clay may be increased mechanically 
by exposing it to changes of the weather or in some cases by 
grinding. 

The fire clays are divided into the two main classes: flint clay 
and plastic clay. The latter is added to the former to increase the 
deformabiUty, generally at a cost of its refractoriness. The flint 
clays contain a large percentage of kaolin. They are mined 
generally in the Carboniferous formations, often under a layer of 
coal. 

Weathering adds to the refractoriness of many fire clays. 
Those containmg iron oxides and sulphides dissociate in the air, 
rain carries off the iron salts and the clay is improved in purity, 
plasticity acd homogeneity. Carbonate of lime, in dissociating in 
the presence of the pyrite, is leached in the form of gypsum, and 
the various organic substances further the dissociation and help 
to form soluble salts. The Stourbridge and Gamkirk clay slates 
in England are piled for this reason in heaps 20 feet high, and ex- 
posed for years to the weather, thus becoming purer, more plastic 
and more refractory; that is, the percentage of alumina is in- 
creased, while the fusible alkali oxides and salts are removed. 

Washing is even more effective. Water separates coarse grain 
from fine, the clay proper from salts, from sand and quartz, and 
carries off m solution alkali salts, thus freeing the material from 
the potash which" is a most effective agent in promoting fusibility 
and in reducing the grade of refractoriness. Acids are a costly and 
scarcely effective means of dissolving out impurities. A combi- 
nation of organic weathering and washing will do the work more 
cheaply and better than the use of strong acids. 

In order to determine the capacity for bonding which a clay 
possesses, it is necessary to resolve how many parts of it are re- 
quired to bond one part of grog or charaotte, crushed to pa88 a 
10-mesh sieve, into a brick of good physical properties. 
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A very plastic fat clay bums to a close mass, but cracks and 
Bbrtnks in drying and burning. It must be used then in combina- 
tion with some lean clay or grog which is more refractory, but 
demands a bonding material to make it cohere. 

The lean or flint clays are generally calcined in order to drive 
out moisture, carbon dioxide and to burn bituminous and car- 
bonaceous matter. These clays are frequently found below the 
coal measures and carry a considerable percentage of carbon. 
Because they are thus calcined before being transported to the 
works, they are frequently called grog or chamotte and classed 
with the burned and previously discarded bricks and shapes in 
making mixtures on the selecting floor. 

Fire clay forma the basis of by far the greater proportion of 
refractory ware. It is either used alone on account of its admir- 
able qualities of burning to a firm clinker and resisting higli 
temperatures and mechanical abrasion, or it is added to other 
refractory matter such as quartz, bauxite, magnesia, sesquioxide 
of chromium and plumbago to lend plasticity. 

Fire clays arc widely distributed tliroughout the world. In the 
United States, Kentucky, Now Jersey, Pennsylvania, Ohio, Mis- 
souri and Colorado furnish the best deposits for the manufacture 
of fire brick, while pure kaolins are found in Illinoisj North and 
South Carolina and Texas. In Germany the fire clays of Hesso 
•re famous, such as those of Grossahnerode, Ebemhahn and Rama- 
.liacb. In Silesia the clays of Bunzhan are noted; in Sa^rau both 
''plastic clays and pure kaolins are found, while lean clays are 
nuned at Schweidlitz and kaolin at Ruppersdorf. Neurode and 
Waldenburg (Altwasser) clays belong to the slate variety. In 
Prussian Saxony may be mentioned the kaolins of Halle from 
which the royal factory of Berlin draws its supplies; further, 
those of Bitterfeld, Elsterwerda, Salzmuende and Lettin. The 
Palatinate and Wurtemburg have clays of first-rate quality; in 
Bavaria those of Paasau are valued for making crucibles. The 
Kingdom of Saxony is probably without a rival in its possession 
of fine clays, extending from Bautzen through Meissen to Leipsic, 
The Meissen clays are used for making the famous Dra'jdm china. 
Kaolins and fire clays are found in Thuringia in the neighbor- 
hood of Coburg and Eissenberg. In Austria the finest kaolin is 
I that of Zettlitz near Carlsbad in Bohemia. In Styria clays are 

found at Leoben. In France refractory clay is mined at Forgea 
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les EauXj Montereau, while kaolins of Limoges make the well- 
known table china. In Belgium the best clays are found in the 
Ardennes. In England large quantities are mined and used at 
Stourbridge, Burslem and Newcastle; in Scotland, Garnkirk sup- 
plies material for the famous Gk-nboig brick. In Asia the most 
extensively nimed clays are the deposits of China and Japan which 
have been famous since the Middle Ages. 

A fire clay must have the following properties to make a satis- 
factory brick, form or vessel: 

1. It must be infusible at high temperatures. 

2. It must clinker, or at least become reasonably hard, when 
burned. 

3. It must resist chemical agents. 

4. It must not change its volume to any considerable extent 
at medium or high temperatures. 

5. It must not suffer damage frorn change of temperature. 

6. It must burn into a dense, strong and reasonably porous brick. 
It is seldom, however, that all these demands are made on the 

fire-clay brick, and we would class as Al such clays as would meet 
these requirements. For many purposes in many furnace opera- 
tions a second-class fire clay which would meet only a few of these 
demands could be used, while third- and fourthH3las8 refractories 
have also a wi<le u.se and sale. 

Method of Mining and Winning Clays. — Prospecting is 
generally done by boring. Once the depth of the clay bed has 
been discovered and the material has been tested, we have the 
choice of stripping the overburden and recovering the clay by 
open-work mining methods, or, if the clay is too deep for this or 
not suitably situated physically, we may mine it by regular tun- 
nelling or from shafts. These methods may be seen from Figs. 16 
to 20, and Fig. 21 shows the interior of the mine with strata of 
clay. Coal and shale is shown clearly occurring above the clay, 
while the drill in the miner's band marks the upper limit of the hard 
clay, the material between the drill and the roof being soft. Fig. 22 
shows a vein of lean, hard flint clay on which the man is standing. 
Above it is an overburden of about 10 feet of soil and poor clay. 

An excellent example of modern methods of mini ng fire clays 
is furnished in the clay pit "Outer Trunk Marie" at Rossbach in 



' Thaaindtistrie ZeUung, No. 97, p. 1188, 
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The property comprises several hundred acres of clay, quartzite 
and sand. Origiimlly the fire clay on the property was mined by 
means of a number of isolated holes. Now, however, the greater 
devdopnent of the property has been made in the extensive open 



Fig 



1. — Milling yhult Clay. 



cut, exposing the different layers of materials. The oveitkirden 
of disintegrated basalt, earth and poor clay extends 22 fejjl from 
the surface, followed by 5 feet of quartzite, 6 feet of ^salt, 
sandstone and the clay bed of 90 feet, in the order named; The 
clay bed is composed of layers of argillaceous sand atiove, develop- 
ing into a yellow fat refractory clay. Below this clay there is a 
thin bed of highly refractory blue clay followed by a bed of white 
clay, suitable for potter's ware, 

A Bteam shovel clearsoff the overburtlenat the rate of 1000 cubic 
meters daily. The quartzite is blasted and picked, and the lower 
clay beds cut in terraces. The argillaceous sand is sold to steel 
works, the quartzite is made into silica bricks, and the fire clay is 
converted into refractory ware on the spot. A new plant replaces 
an old-fashioned Casseler furnace and consists essentially of three 
round downdraft kilns, each of 'which has a cubical content of 
90 cbm. (100 cubic yards) and holds 90 tons of brick. The kihig 
have each 8 ordinary, natural-draft fire boxes and connect with 
a stack 170 feet high. The waste heat of the kilns is used for 




drying green ware. Plana are now made to install a ring furnace 
to bum chamotte for the trade. The appended analyses represent 
the quality of the different raw materials which are quarried in 
the pit. 
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In Grossalmerode, in Hesse-Nassau, the overburden is removed 

I and the clay mined in openwork by the terrace system. The 

height of the terraces has ta the breadth the ratio of 1 to 3; 

not more than 18 inches horizonttUly of a terrace 5 feet high may 

be removed at a time. The old-fashioned way, still practiced in 

many places, is to drive a shaft to the clay, then simply gut out 

as much as is possible without endangering the lives of the 

I miners. Often a number of these shafts are seen side by side. 

The material is raised to the surface by buckets on windlasses. 

I In mining at depth the regular method of mining practice with 

' shafts, drifts and stopes is used. In Stourbridge, Gamkirk and 

Pennsylvania the fire clay underlies the coal measures and is 

' sometimes mined along with the coal. In other cases it is won 

. by coal miners, who use the methods employed in collieries. 

Where the deposit is .•iufficiently large and exposed, steam 
\ shovels of the bagger or clamshell types may be used. It is 



Fi(i 



o Kilna used in Calcining C'liiy. 



seldom, however, that fire-clay deposits are large enough to em- 
ploy this method of mining. The raw material is divided into 
three classes, lean clay, plastic clay and grog. By "grog" we under- 
stand bumrd material, either old fire brick, retorts, crucibles and 
china or calcined clay. If the clay contains much water, car- 
bonaceous material or limestone, or if the clay is to be used for 
shapes which may not shrink greatly in drying and burning, it is 




Fig. 24. — Making up the Batch of Lean, Plastic anci Calcined Clays I'or the 
\Vi'1-|j:iii Giiiulinn Madiiiies. 




Fio, 25. — Method of Storing Clays, 

Fig. 24 also shows the method of handling lean, plastic and cal- ' 
cined clays at the factory. The clay is broken by hammers, jaw 
crushers or gyratories and the good picked from the ferruginous 
or poor material. It is then thrown into buggies, which are 
divided by partitions of sheet uMjn. Each division is filled with 
ita quota of lean, plastic, calcined clays and grog, in the proportions 
determined by the foreman or engineer for the manufacture of 
particular kinds and grades of brick. For good fire brick about 




dry pan for grinding dry clay, silica, magnesite, etc. The weight 

is 53,000 pounds; weight of crusher rolls 8500 pounds each. 

The drive is "overhead" through pinion and crown wheel; the 

material coming in is guldt^i directly under the rolls, and as it 

becomes sufficiently ground escapes through perforated plates in 

I the pan bottom. The ground material is kept from accumulating 

I by means of the scrai>ers attached to the pan bottom which, 

, as tiiey revolve with the bottom, sweep the dust around to an 

■ opening in the flooring through which it falls on to a belt or other 

• From information kindly supplied by the Clefirfield Machine Shops. 




FiG. 27. — Wet l-aa. 
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device for carrying it to the point desired. In Fig. 26 the pan 
is set up in the open in order to show tlie parts beneath the pan 
bottom. In actual use the pan is so set that these parts are 
in a "step" or pit in the foundation below the level of the floor, 
and are covered on top by a false flooring which, as stated above, 
holds the ground dust. Set into this pit is the bearing or step 
box in which the vertical shaft ends and which supports the 
weight of the pan. This box is so constructed as to automatically 
take up woar and keep the vertical shaft in proper contact with 



Fio. 2'J. — \\a Tw 



\i Wynne Empl.iiii 



the bearing p\a,tes upon which it rests. It also has adjustments 
by the use of which wearing parts may be readily examined or 
renewed without taking the machine apart in any way, and with 
the loss of only one or two hours' time. 

The wet pans arc made for grinding and tempering brick 
material at one operation, and are built in 73-foot and 8-foot 
sizes. They are of two general styles — roller and step. The 
latter arc eitlier "overhead" or "under-driven," depending upon 
the location of the crown wheel. Fig, 29 represents an 8-foot 
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step pan of the " uiider-driven " type. While in some respects it 
is similar to the dry pan there are several marked diEferencea. 
Thus the step is deeper, accommodating a longer vertical shaft; 
the crown wheel is attached to the pan bottom, making the drive 
directly at the work and protecting the gearing. The "founda- 
tion plate" immediately beneath the crown wheel carries a 
bearing for the vertical shaft and a bearuig for the horizontal or 
pinion shaft (both of which bearings are removable for refilling), 
so that vertical and horizontal shafts are necessarily kept in 
proper alignment, and the foundation itself is reheved of strain 
in operation. The pinion-shaft bearings have adjustments to 
keep the gearing in proper mesh. 

The roller pan, Figs. 27 and 28, is a wet pan constructed to run 
on six (6) conical rollers instead of in a step. These rollers sup- 
port the weight of the pan and are held beneath the bottom by 
a "spider," the arms of which form the shafts of the rollers. 

Fig. 29 shows a wet pan with Wj-nne pan emptier attached. 
The latter is a device for removing ground clay from the pan 
and is adaptable to any standard wet pans. When the end of 
the emptier blades is let down into tlie pan, the clay is shot up 
over the side of the rim on to moulding tables or into buckets, 
elevator or cars, as the case may be. The use of this attachment 
increases the capacity of the pan. 






- difficult ShaiJfti drying on Hot VUnj 



The clay may be ground in disintegrator roUs or in pan grinders. 
The wet pans are the most widely used in the United States. 
The right quantity of water to make the clay temper and mould 
is added in the pan or to the mass after it has passed the rolls. 
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After the brick has dried for some time either on a hot floor or 
in a drying tunnel, heated by steam or hot air, they are often 
repressed as shown in Fig. 10. It has been found good practice 
to use the waste heat of the kilns to produce steam for the drying 
tunnels and floors, and to apply the hot air from the kilns which 
are cooling for drying the brick on the hot floor. The bricks are 
now ready to be bumt'd. 

Burning Bricks in Kilns.* — The kilns generally used in the 
United States are of two kinds: (1) the downdraft type with 
Parsons' forced-draft or ordinary natural-draft firing, in which 
the heat from the fire boxes is drawn from the bottom to the top 
of the kiln and then down and out from the center of the floor. 
Parsons' fire box uses a draft forced with steam; (2) the old- 
fashioned updraft kiln, in which the heat rises straight up from 
the fire box through the kiln and is drawn off near the top of the 
stack. The downdraft kiln is generally circular, 15' to 20 feet in 
diameter, and 12 feet high at the periphery. The updraft kilns 
may be either round or rectangular in plan. Fig. 33 shows the 
inside of a rectangular updraft kiln and the method of laying 
bricks and shapes for burning. The process of burning is divided 
into three stages: (1) dehydration, or water smoking; (2) oxida- 
tion; (3) vitrification. In all these stages the draft and temper- 
ature must be carefully regulated with a view to obtaining the 
best possible distribution of heat throughout the whole kiln and 
an even and gentle rise in temperature. These operations are 
controlled carefully by water-pressure gages and Seger cone, 
thermoelectric, or optical pyrometers. 

Water Smoking Period. — The first stage of the burning is 
that of the removal of the hygroscopic water. While it is neces- 
sarj' that the rise in temperature should be slow during this 
period, too much time spent in water smoking may seriously re- 
duce the capacity of the plant. Slow evaporation within in- 
sufficient draft may produce scum upon the brick, particularly if 
the fuel contains sulphur or if the clay has much potash, soda, 
lime or magnesia. A moisture-testing rod should be used to de- 
termine the rate of dehydration. This is simply an iron rod which 
is inserted in the kiln. If water is still present it will be visible 
on withdrawing the rod. A large excess of air is needed during 
this period of from three to four days which are spent in water 
" See Richardson, "Burning Brick in Downdratl 1 
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smoking. The temperature rises to 500° F. and the draft to 
4 mm. Coke is more satisfactory than most fuels in this opera- 
tion since the beat may be more evenly controlled. 

The Oxidation Period, — This period extends from the stage 
at which the hygroscopic water has been completely driven o£f to 
that at which the shrinkage of the clay, or settling of the brick, 
begins. Lower oxides of iron and manganese are oxidized to the 
higher forma; carbon is bm'ned to carbon dioxide and this and 
the carbonic acid of the hme and iron of carbonates is expelled, 
while dehydration of chemically combined water in the kaolinite 
is effected. The brick obtains a bright color, generally buff, some 
time before the temperature of 1500° F., which marks the limit 
of the heat of the oxidation period. The fourth, fifth, sijtth and 
seventh days are employed in the oxidation period. The tem- 
perature rises from 500° to 1500" F,, and the draft sinks somewhat 
(from 4.2 mm. to 3.7 mm.). 

The Vitrification Period. — During this period the clinker ia 
formed. By this we understand the particles of slag which are 
made by the basic oxides combining with silica and alumina 
throughout the brick. These hold the particles of the burned 
clay together and in shrinking make tlie brick porous and produce 
the effect of cUnkering, that is to say, the brick becomes hard and 
rii^ when struck with a hammer. At the close of the oxidation 
period the bricks are uniform ux color, and will have begun to 
harden but they arc too soft for any useful purpose. The kiln 
doors are now kept tight, but tittle excess air is allowed in the 
kilns, and the temperature ia driven up to 2700° F. or even 
3000" F. The finishing temperature can be determined by the 
Seger cone, but the progress ia best ascertained by measuring 
the amount of settle, that is to say, the number of inches the 
bricks have sunk in the kiln owing to their shrinkage. 

Vitrification commences with the Ijeginning of the eighth day 
as a rxile, and in completed at the end of the twelfth day. The 
draft is reduced gradually from alwut 3.7 to almost 2 mm., and 
the bricks settle from an inch, which is recorded at the end of the 
oxidation period, to ten to twelve inches at the end of the twelfth 
day. Wlien the proper settle has been obtained and the proper 
cone has melted in the kiln, firmg should cease. The dampers 
should be closed when all the fuel has been burned out, so that 
I the bricks may be allowed to cool slowly and evenly. The harder 
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and more dense the bricks, the more liable they are to be damaged 
by uneven cooling. In fact, the brick must be annealed during 
the process of cooling. When the kiln has cooled to a temperature 
of from 300° to 500° F., a fan may be attached and cold air blown 
into the furnace to enable the workmen to enter and remove the 
bricks. When the kiln is opened and the bricks are removed, 
examinations are made as to the condition of oxidation and the 
distribution of temperature in the kiln. The amount of settle 
is measured and the poor bricks rejected on removal of aU from 
the kihi. 



In burning fire-clay bricks, hollow ware and special shapes, 
the heat must be raised gradually and maintained at the highest 
temperature desired, long enough for the heat to penetrate to the 
interior of the form. The smaller this is, so much the quicker, 
more evenly and homogeneously will it bum. In the case of 
larger shapes, it is not possible for the interior to attain the same 
temperature as the surface. Accordingly they are clinkered to a 
certain depth by lieing kept for longer periods at a high temper- 
ature. Fig. 33 shows the manner in which large hollow shapes 
are set in a kiln. This particular kiln is of the updraft type; the 
shapes are hollow hexagons for hot-blast stoves. 

In Germany the individual round or rectangular kiln has given 
place to the chamber furnaces of the Hoffman or Mendheim type. 



THE PREPARATION OF REFRACTORY- CLAYS 81 

I These are fired either with producer gas or half gas from the 
BSiemens' fire box The chamber furnaces are generally elhptieal 
I in ^thape with a chimney in the center. The eUiptical furnaces 

■ are divided mto a number of chambers by means of partitions 
f of sheet iron, and all the fuel value of the gases will be realized 

■ by vitrifymg in one kiln, deh>drating in another, and drying brick 
Ik another before they eventually pass out to the stack. The 
lAmencan sj^tem of Parsons' firing is replaced by Siemens' or 

oetius' half-gas firme md igain the w,i--t(' herit from the kiln 






Fig. 34. — The Mendheim Kiln with Rogenerator. 

in which the bricks are vitrifying is realized in the other kiln. 

.Another type of kiln is the three-storied furnace, in which the 

lieat from the ijottoin or burning kiln arises to the middle or 

dehydrating chamber, and from there to the uppermost or drying 

■-oven. The Mendheim furnace utilizes the waste-heat gases by 

|tonductii^ them through regenerative chambers. The method 

I firing is that of using on two sides of the furnace Siemens' air- 

B producers and warming the air for the combustion of the gas 

r leading it as a counterstream through the generators which 

5 being heated by the outgoing hot gases. This is depicted in 

I. 34 and 35.* 

f In construction care must be taken that no moisture from the 

rth will rise into the kiln. Accordingly, the foundations are 

' See Kerl, Handbuck der Qesainmlcit Tkonwanreiiindustrie, pages 425 et Huq. 

i 847-876. 
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FiQ. 35. — Two Types of Moidheim KHm 

(The fire gaecs enlicr the kihi at I and leave at m. In 6 the fire gases enter 
through the floor of the kihi.) 
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laid deep in the excavated ground, and consist of old brick or 
stone. An insulating layer of coke breeze or sand is laid beneath 
the floor of the kiln proper. The walla are made of clay brick 
and securely anchored with strip iron held together with turn 
buckles. The dome is generally made of fire-clay brick, although 
silica is also used. This may be made double with a hollow space 
between the two brick domes, which may be filled with an insu- 
lating material. In most modern American plants the kilns are 
built in such a position that their waste heat may pass around 
the tubes of the boilers and produce steam for the Parsons' fire 
boxes and for the drying tunnels and floors. Another furnace 
used for burning refractories is the Casseler oven. This is similar 
to a long American kiln and has fire boxes at one end only. In 
this long flaming coal should be used for firing. The Casseler 
and the Mendheim furnaces have proved the most economical of 
all. According to Kerl the Mendheim furnace used 8 parts coal; 
the Casseler furnace 9.5; a battery of downdraft kilns, with waste- 
gas fluea connecting either with one another or with the stack, 
used 1 1 ; and a two-storied round updraft kiln, with step grates, 
used Kt parts of coal per cubic meter of eflicient furnace 
content. 

Fire clay is used most generally and extensively in industrial 
furnaces, in blast furnaces, crucible melting furnaces, the layers 
and bottoms of Bessemer converters, the furnaces used in the 
lime, glass, clay and cement industries, in lead-refining furnaces, 
in the shafts and crucibles of copper and lead blast furnaces, in 
basic open-hearth furnaces above the slag line, for general metal- 
lurgical reverberatory furnaces, flues, boilers, settings, linings of 
stacks, household grates, in incinerating furnaces, regenerative 
checkers, etc. Certain shapes are especially manufactured for 
hot-blast stoves, converter bottoms, coke ovens, both for the 
Solvay, Hoffmann and beehive types, for crucible furnaces, etc. 
A number of these unusual shapes are shown in Figs. 30, 31 
and 32. 

Several producer gas-fired kilns of the continuous type have 
been developed in America within recent years. An example of 
these is the Youi^en, which can be arranged either as a compart- 
ment or as a tunnel kiln. The latter type will answer for only 
lower grades of ware and has a capacity for 35,000 standard-sized 
bricks a day, while a compartment kiln is the proper apparatus 
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for the burning of the more refractory kinds of clay ware. Thia 
may be built to handle 100,000 bricks a day. It coneJats of: ' 
I- The gas-producer plant. 

2. The kiln. 

3. The stack or fan. 

The kiln consists of from 12 to 18 or 20 compartments, and is 
constructed of two unit batteries with an even number of compart- 
ments. The main draft flue is placed under and between these two 
batteries. The green ware is brought from the drying turmels on 
tracks laid above and between the two batteries. The compart- 
ments of the kiln are similar in arrangement to square, downdraft 
kilns. The flame issues from flash walls, travels down through 
the ware and then through a perforated botttJin into the bottom 
flues, whence it passes through openings at the l)ottom of the 
partition walls to the next compartment. Thus the total value 
of energy is realized by the gas passing on from one chamber or 
compartment to another until all the realizable heat has been 
used up. The gases are then drawn from the bottom flue into a 
collecting flue which lead^ to the main draft flue. If there is any 
heat left in them it may be used to heat boilers. The main gas 
flue is placed on the top and outside of each battery. Between 
the crowns of each two compartments the gasniistributing flue is 
situated. This connects with the main gas flue on the one side 
and on the other opens up into pockets left in the partition walls, 
whence it issues into the layer behind the flash walls, mixing and 
entering into combustion with the secondary air. This arrange- 
ment affords mean.s for drawing warm air from a compartment 
which is cooling, for a compartment in which the bricks have just 
been set up and hot air from another cooling compartment to 
ware which has already attained a medium temperature. The 
gas producer recommended is that of the water-sealed type, in 
which the fuel bed rests on the ashes Ijnng in the water pan. The 
air is blown by a steam injector into a cylindrical chamber resting 
on the center of the water plant. This air chamber is covered by 
a conical perforated grate. It is claimed that the water-smoking 
period is more easily controlled by using gas, and that leas scum 
is formed owing to the regulation of the draft, temperature and ( 
excess air, and of the sulphur and other noxious contents of the gas. 

Fig. 37 illustrates this kiln. Up to the present time it has not j 
found its field so much among the first-class refractory brickworks i 
as in clay and tile and the less infusible brick factories. 
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burning dig a pit 6 feet square and 6 feet deep. Heat the bottom 
and sides by a dry brushwood fire, stack the bricks leaving spaces 
between them and fire at the top with a brisk brushwood fire for 
30 to 48 hours, according to the time found necessary by trials. 
The bricks so burned will include a smaller percentage of "white- 
washed" and " iiard-burned " bricks than is usually obtained in 
kilns. Three men, a puddier, a moulder and a stacker should 
mould 500 bricks in 8 hours, when bricks are made by hand. 

To test clay for brickmaking, puddle it well with a little water, 
let it dry slowly in a shady place, then burn in a forgo. If the 
brick shrinks or cracks badly, fine sand should be added to the 
clay to temper the mixture. 

The adobe bricks made from mud and water, particularly those 
in dry climates which carry a content of alkali salts, are often 
suited for walls, small "shacks" and even flue walls as well as 
workmen's huts. 



CHAPTER V 

tlE" PREPARATION OF THE BASIC AND NEUTRAL 
REFRACTORIES 

Magnesia, Steatite, Chromite, Bauxite, Carbon, Carbon- 
Silicon Compounds, Asbestos and Various Metals. — The most 

important of tlicso i:^ magnesia, the product of buniisd maguosite. 
It is probably the most widely-uaed refractory, with the greatest 
possibilitiea of more varied application, and yet often most dis- 
appointing to the baffled operator. Some magnesia products 
spall at fairly low temperatures, crack when a metal bath laps 
against their aides or crumble when subjected to changes in tem- 
perature, while others withstand such tests and also the influences 
of high temperature and active slags. This varying conduct is 
due to differences lx>th in the chemical composition and in physical 
structure of the raw materials, and also to the method of grinding, 
tempering and bonding and to the conffitions governing the dry- 
ing and burning. Within the last few years, with growing knowl- 
edge of its physical properties, the preparation of magnesite for 
the industry has l>een more careful. The results have been 
such that the application in different fields is growing rapidly. 
The magnesia-bearing minerals, magnesite, serpentine, soapstone 
and steatite, have been used for many years, in the raw, cal- 
cined and prepared state, as fettling for furnaces, either alone or 
in mixtures with such additions as fire clay. For instance, In 
Europe Styrian magnesite has long been used in an admixture 
with fire clay; from the mixture, bricks have been formed, burned 
at a high temperature and used in iron, glass and other industries. 
Serpentine, containing 44 per cent SiOj, 43 per cent MgO and 
13 per cent water, was a favorite fining for basic charges in Styria. 
Even for the finings of the old puddle furnaces of Dornawitz, 
magnesia bricks wore regarded with favor. 

The best-known depoats of relatively pure amorphous magnesite 
are those of Euboea in Greece, of Silesia, Hungary, Norway, 
India and California. For the manufacture of modern bricks 
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the crystalline spathic magnesite of Styria, prepared by the firms 
of Veitsch and Spaeter, is especially desirable. Efforts have also 
been made to use, in preparing magnesia, the by-products from 
the salt industry such as magnesium chloride. 

The value of magnesia in the form of mass, bricks and crucibles 
depends on the infusibility and resistance to chemical action of 
pure magnesia. Now, commercially pure magnesia may be 
obtained only by calcining magnesit« at very high temperatures. 
The material, obtained by calcining in the electric furnace at 
2000" C, i.sa very satisfactory product and, when made into bricks, 
or crucibles, has a relatively longer life when exposed to the in- 
fluences of severe heat and chemical attacks. A crucible, made 
by moulding the ordinary magnesia resulting from incomplete 
calcination of magnesite in intlustrial furnaces, when subjected 
to a temperature of 2000° C, sinters so that the walls and bottom 
become dense and tough. That same crucible will soften again 
and become difficult to handle when exposed to any high tem- 
perature. The ordinary magnesia bricks are burned at a tem- 
perature which turns cone 29 {1710° C). It is a satisfactory 
refractory material in the lining of a commercial furnace which 
tt-orka at or below a temperature of 1GOO° C, but softens and 
spalls when subjected to a high temperature. 

It always has a tendency to combine with acid materials but 
becomes particularly active at high temperatures. Accordingly, 
any tests to determine the temperature of softening, or other 
qualities of magnesia, should be made in a magnesia or neutral 
vessel, since it fuses at a lower temperature than the real soften- 
ing point when in contact with fire clay or acid material with 
which it forms a relatively fusible salt. With regard to the influ- 
ence of the physical and chemical properties of the raw material, 
it is interesting to note that the Styrian magnesite is generally 
held in higher regard by refractories manufacturers than the 
Grecian mineral. The Styrian is a crystalline or spathic mineral; 
the Grecian magnesite is found in an amorphous mineral. The 
former contains more impurities, especially peroxide of iron. The 
particular combination of impurities present in the Styrian 
variety serves, in burning, to sinter and knit the whole brick or 
other shape together, just a.s the basic impurities in the Penn- 
sylvania and Wisconsin quartzites help, by their combination 
with silica, to cement the whole brick or form together. The 



90 



REFRACTORIES AND FURNACES 



special value of the cryHtalllae structure depends on the mineral 
grinding to a grain of heterogeneous form, whereas the amorphous 
mineral, on crushing, falls in part to dust. The fine dust particles 
or even grain are difficult to hold in bond. The following analyses 
represent the chemical composition of different kinds of magnesite. 
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Preparation of Magnesia Brick, — The processes of preparing 

magnesia for the market vary in Styria and Greece. The better 
part of the Styrtan industry ia in the hands of the American Re- 
fractories Company and the firms of Vcitscb and Spaeter which sell 
to the German steelworks, to Messrs. Harbison -Walker and the 
general trade. The mineral is mined, for the greater part, in open 
pits and terraces by means of steam and hand shovels. The mag- 
nesite is calcined at the mines, but strangely enough no attempt 
is made, either in Styria or Greece, to recover the carbonic acid, of 
which magnesite produces more per ton of material than any other 
eommon carix)nate mineral. There is a distinction made be- 
tween the calcined magnesite and the dead-burned magnesia. In 
making the first named, the material is calcined at a temperature 
of about 800° C, or red heat, when the greater part of the carbon 
dioxide escapes. This is the material used by the American re- 
fractories manufacturers. To effect this calcination, rotary cal- 
ciiung furnaces, Mendheim and Schmatolla kiln^ and vertical 
shaft kilns are used. 

The .^Vmerican Consul General in Greece has kindly given the 
following information on the Magnesite Industry in Greece. 

"Three companies arc engaged in mining magnesite on the 
island of Euboea and elsewhere. These are the Anglo-Greek Mag- 
nesite Company, The Holland-Greek Magnesite Company and the 
Society of Public Works of Athens, The product of these three 
companies in 1909 totaled 74,462 tons, of which 17,665 tons were 
exported in the raw state; the remaining 56,797 tons were converted 
into 15,394 tons of calcined magnesia, 1507 tons of dead-burned 
product and 552 tons of bricks. The quantities sold in 1909 were 
as follows: Calcined, 14,716 tons, dead-burned 1893 tons and 
bricks 294 tons. 

The value of the total quantity rained was estimated at 
Drachmas 1,522,215 (1 Drachma = $0,193). 

The ore was won both from open-surface pits and by under- 
ground mining. 

In burning the magnesite three different kinds of furnaces were 
used. These are the "Schmatolla," the "Mendheim" and bottle 
kilns. 

The best ore is mined in the province of Locris; it contained 
96 per cent carbonate of magnesia and when burned produces 
caustic magnesia with 90 per cent MgO. The approximate com- 
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position of the other Greek magnesite ore is from 94 per cent to 
96 per cent carbonate of magnesia, 2 to 3 percent silica, 1 percent 
lime, with a little iron and aluminium oxides. 

The Greek magnesite is used only for making refractory maaa 
and materials; no carbonic acid is made in Greece from the 
magnesite." 

Magnesite must be subjected to a final temperature of 1800° C. 
to become dead burned. This material is, however, different in 
properties from that calcined at electric-furnace heat. The 
product of the electric furnace is not hygroscopic, and is so thor- 
ouglily shrunk that, when made into brick form, it may be used in 
arches and other parts of a furnace structure where the en^necr 
is somewhat loath to use the material burned at the lower tem- 
perature. The ordinary magnesia brick is the result of two cal- 
cinations. The first is the calcinatjon of the raw magnesite which, 
in the case of commercial brick, is done in Styria; the second, 
that of the burning of the imported magnesia, after it has been 
pugged and tempered in the dry pan, moulded and dried. The 
pure MgO commences to soften at about 2000" C, becomes more 
plastic with increase of temperature and is viscid at 2500° C, It 
never becomes really fluid.* 0, P. Watts, in attempting to find a 
eutectic of lime and magnesia, made a number of mixtures of the 
two oxides, but no one of them softened at a temperature lower 
than the softening point of magnesia. Gootlwinf gives the melt- 
ii^ point of magnesium oxide as 1910' C, Lampden:^ as 2000° C. 
and Hempel § as 2250° C. 

It certainly does not soften below 1890" C, The temperature 
of softening of calcium oxide is placed at 2040° C.|| 

All magnesia bricks have the property of. softening at very high 
temperatures (white heat) and losing their coherence. On account 
of its property of sintering at high temperatures without actually 
fusing, due to the proper quantities and combination of bases and 
acids contained in the impurities {ferrous oxide, silica and alumina), 
the Styrian magnesite is often preferred to the purer Greek mineral 
which must be burned either at a higher temperature, or with some 
ingredients which will effect the sintering at lower temperatures. 

• Private comtnunication. 

■f Trangaciions of the Etectrockcmical Society, Vol. 9, p. 89. 

t Jwrmd of the American Chemical Society, Vol. 8, p. 852. 

i Wright, "Electric Furnaces," p. 229. 

II atansfield, "The Electric Furnace," p. 50. 
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To bum the Grecian nmgnesitc dead the calcined material 
must be heated to a higher tomporature (1700° C.) when the purer 
kinds contract and become dense, hard and friable. Such mag- 
nesite as the " Veitsch," however, will sinter under such conditions, 
owing to incipient slagging, due in greater part to the iron eon- 
tent, of which about 3 per cent ia the desirable hmit. With more 
tiian 4 per cent of iron, magnesite sinters too readily and becomes 
too fusible. 

In burning magnesite, cupolas, reverberatoriea and calcining 
furnaces of the sliaft (hme kiln), shelf and continuous Hoffmann 
tj-pe are used. For heating, solid or gaseous fuel may be used. 
The gas-fired Meudheim chamber furnace and the Siemens' gas 
reverberatory are favored vessels for the operation; when the 
former is employed, the hearth is stamped with fine magnesia, 
thus protecting it against the slagging action of the calcining 
magneaite. The greater part of the. fire gases ia introduced into 
the chamber above the charge; it is then drawn through to the 
hearth flues which are made of the raw magnesite and is conducted 
to the next chamlier where it pursues a similar course. Some of 
the fire gases are introduced directly into the hearth flues where 
they mix with downcomiiig gases from the charge and promote 
a homogeneous calcination of the whole bed of magnesite. The 
temperature required amounts to 1850° C. (Seger cone 35) for the 
dead burned. The long cylindrical rotary caleiner (60 feet long 
by 6 or 7 feet in diameter) is now being used for calcining. 

The Manufacture of Grecian Magnesia Bricks. — Bricks pre- 
pared from Grecian material may be made by burning a mixture 
of dead-burned and caustic magnesia without any other admixture. 
The proportions vary from 1 to 50 per cent of caustic to 100 per 
cent of dead burned. The larger the proportion of caustic the 
ea^er it is to shape the bricks, but the greater the contraction on 
burning the brick. In using smaller percentages of caustic, tar 
or other binder such as magnesium chloride may be used. The 
ordinary bonds used in the magnesia brickworks are tar, thick 
and free from water, gelatinous silica, boric acid, caustic alkalis, 
soda, clay, blast-furnace slag mixed with salt and various mix- 
tures of carbolic acid with alkalis. 

Considerable mechanical tenacity may be imparted by an 
addition of ferrous oxide or of silicates, while starch or sawdust 
makes the ware porous. Serpentine is sometimes used as a bond 
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ia Greece. To form the bricks the mass is first hand moulded and 
dried aiid then the bricks are subjected to hydrauUc presses with ^ 
a pressure capacity of as much as 400 tons. 

Drying is effected slowly to prevent cracking. After thoroughly 
drying the bricks are placed in the burning furnaces, generally 
either reverberatory or Mendheim furnaces in Europe and down- 
draft kilns with Parsons' or ordinary draft firing in America. 

Preparation of Bricks from Styrian Magnesite. — After sorting 
and clELsaifying the magnesite is burned dead at white heat either 
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in a shaft furnace provided with forced draft or in a rotary eali 
The raw material loses 50 per cent by weight; two jiarta of raw 
magnesite produce one of burned magnesia. The shaft furnace 
is lined in the hot zone with magnesia brick. The furnace works 
continuously; the burned material is drawn every six hours and 
again carefully sorted from the quartz or other impurities. The 
fritted magnesia is then tempered and ground with little water 
in a pan grinder, and formed into bricks in a hydraulic press, 
without the addition of any Ijond. 

The bricks are then dried in tunnels or on a hot floor and 
burned at a temperature, which turns cone 29, m a downdraft kiln 
in America or in a Mendheim furnace in Europe. Thus, when 
the bricks are marketed their magnesia has been burned at least 
twice. In preparing material for crucibles and tuyeres three 
burnings in the Mendheim furnace are often necessary. The 
Veitsch bricks are dark brown. The English, made from the 
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partments are made in this by setting up a framework of silica 
bricks. Into eacli of these compartments two layers of mag- 
nesia brick are placed so that the only weight on the lower 
brick is that of the upper. A kiln which holds 100,000 bricks 
will accommodate under these conditions only 40,000 magnesia, 
normal-sized bricks. Figs. 38, 39 and 40 show the drying tunnel 
and kihis of a modern magnesia brick plant. 
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Mortars. — Magnesia bricks are often laid in furnace walls, with- 
out mortar, skin to skin. The ordinary mortars used consist of 90 
per cent fine magnesia and 10 per cent tar; they are laid hot and 
are of a thick sirupy consistency. Water may never be used, nor 
should bricks be packed in such a way that damp air may have 
access to them. To increase the refractoriness of fireproof ware 
fire-clay retorts or crucibles are sometimes dipped in magnesium 
chloride or other salt. 

Magnesia is profitably used in basic Bessemer and open-hearth, 
in copper, reverberatory-converting and blast furnaces, in rever- 
beratories and t«st furnaces used in metallurgy of antimony, lead, 
tin and silver, in malleable furnaces, in puddling furnaces and 
other vessels subjected to high temperatures and the attacks of 
basic slags. 

Dolomite. — Dolomite is often used for basic linings and 
serves, less efficiently, the same general purposes as magnesite. 
Because it is less expensive, it serves a wide field of usefulness. 
The calcined rock or an artificial mixture of calcined dolomite 
and clay is ground fine with water, and the mouldable mass 
formed into bricks. After drying at a moderate temperature the 
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biicks are bumed until the clay and silica has combined chemi- 
cally with the lime and magnesia. 

By another method, similar to the manufacture of magnesia 
bricks, the dolomite is first burned dead, then crushed to pea size, 
mixed with tar and moulded in iron Eornw into bricks by means 
of hot stamps. Such bricks contract and crack at high tempera- 
tures. For this reason dolomite is used more generally aa mass 
rather than in the form of bricks. 

Bauxite. — The success of the higlier-grade fire-clay bricks 
carrying large percentages of alumina paved the way for the 
application of materials of still greater alumina content. This 
led to the consideration of bauxite. Discovered originally by 
Berthier in an iron ore from Senegal, it was used first in France in 
the form of crucibles. It obtains its name from Colline des Baux 
in the south of France where considerable deposit.^ are found, 
some of which are being exploited by the aluminum interests. In 
America the chief deposits are found in Alabama, Arkansas, South 
Carolina, Georgia and New Mexico. 

Bauxite when pure has a light gray or white color; generally it 
is brown, yellow or red. Chemically it is an hydrated alumina 
bearing varying quantities of aluminum silicatfi and hydrated 
oxide of iron. Geologically it is regarded as a product of decom- 
position of basalt. The composition of various bauxites is given 
in the ap|X'nded table. 
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Bricks are made with up to 80 per cent AliOa. Bauxite con- 
tracts, cracks and softens considerably at high temperatures. 
It should be thoroughly Isumed before being made into bricks. 
The best bond is fire clay. 

Preparation of Bauxite Bricks. — The bauxite is first washed 
and the purer material separated. This is burned and then 
crushed, mixed with one third to one sixth part of plastic fire 
clay, and then with the addition of water thoroughly worked and 
moulded. Attempts have been made to make the brick with lime 
instead of fire clay as a bond. The following analyses of bauxite 
bricks are from German and French factories. 
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These are by no means pure bauxite bricks, but the results of 
mixtures of fire clay and bauxite corresponding to the American 
"alusil " bricks. 

The following is an analysis of a true bauxite brick made in 
America, SiOj, 2 per cent, TiOa, 5 per cent, AUOj, 90.5 per cent, 
FeaOs, 1.0 per cent and CaO, 1.5-2 per cent. 

It is possible to increase somewhat the refractoriness of fire 
clays by the addition of finely ground bauxite; it must not be 
added to the mass as coarse grains, but in such a form that it 
may homogeneously blend with the clay. It is, therefore, im- 
portant, in bringing the percentage of alumina in fire clay up to 
a certain desired amount, by such additions, that these be finely 
ground and well mixed or the resulting brick will possess simply 
the refractory coefficient of the original clay. 

Bauxite has not come into more general use on account of its 
quality of shrkikago. Chemically it is very inert; it may be 
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bonded easily into a brick of unusual strength but in all, except 

recent practice, the material has shrunk sufficiently to imperil the 
structure in which it was used. 

A. J. Aubrey* claims that bauxite bricks and blocks made by 
the Laclede- Christy Company successfully stood some severe tests 
and argues the superiority of bauxite to magnesia in certain opera- 
tions in the metallurgy of iron and lead, and to fire-clay brick in 
certain industrial furnaces such as rotary cement kilns. 

These bricks ;ire made in the following way. The crude bauxite 
is washed to remove some of the free silica and calcined, at cone 
12, when the water of combination amounting to 30 per cent of 
the raw ore is expelled. The bauxite shrinks considerably, par- 
ticularly between temperatures of cone 9 and cone 12. The 
washed and calcined Arkansas bauxite analyzes: 

Mechanical wat«r 0.88 per cent 

Silica , 6,40 per cent 

Iron seaqiiiojcide 1,43 per cent 

Alumina 87.30 |)er cent 

TiUinimn oKide 3.99 per cent 

Tho calcined material may be bonded with fire clay, sodium 
sihcate or lime and made into brick or tile, which, after burning 
at a high temperature in downdraft kilns, is .said to be suffi- 
ciently strong to stand a crushing strength of 10,000 pounds per 
square inch. The caleination may be done in a rotary kiln. A 
brick 9 by i} by 2^ inches weighs 7.5 pounds. In a test made by 
the St. Louis Portland Cement Company a Unmg 6 inches thick 
in a 6-inch rotary kiln, 60 feet long, which burned pulverized coal, 
was removed after contuiuous run of eleven months. During this 
time 75,000 barrels of cement had passed over the lining and the 
average loss of the blocks was about 2^ inches. 

The bauxite brick replaces a basic material in the iron and steel 
practice, but is not wholly proof against the action of bismuth or 
antimony or even lead slags. Pure alumina bricks and crucibles 
made by burning bauxite in the electric furnace, mixing the burned 
product with clay, moulding, drying and reburning, are more sat- 
isfactory. (See Alundum, p. 100.) 

Should bauxite bricks become reasonably cheap, and methods 

of decreasing their physical weaknesses by burning at very high 

• Ekctrochtmical aid Melallurgiait Indiiatry, Vol, 4, p. 52, 
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temperature be employed, they would ultimately find a wide 
market. 

The alusil brieka, placed on the market by Messrs. Harbison- 
Walker, approach bauxite in composition. These are high-alumina 
bricks, made from a batch containing fire clay to which nearly 
pure alumina, in the form of bauxite or other material, has been 
added, and have a special value when used in auch furnaces as 
rotary kilns. Some of the alusil batches have as much as 70 per 
cent AlgOj.' This same company now markets a useful high grade 
bauxite brick. 

Alundum, or artificial emery, is made from bauxite in the 
electric furnace of the Norton Company at Niagara Falls, N. Y. 
It melts at 2300° C, and has a very low coefficient of expansion. 
It is inert chemically and is not, apparently, affected by slags 
made in the basic open-hearth process. Its high cost has not 
warranted its more general introduction up to the present time. 
Still, large quantities of aluminum crucibles, combustion tubes 
and boats, pyrometer tubes and muffles are emploj'ed with con- 
siderable success in high-temperature work. A unique production 
of the Norton Company is the alundum rapid-filter crucible, 
which retains the finest precipitates and allows the passage of 
the filtrate hquid. The precipitate may be washed, dried and, 
burned, if necessary, in the alundum crucible, thus removing the 
use of paper. 

Preparation of Alundum. - — Bauxite is mined and sorted, the 
cleaner and jjurer material is selected and washed from dirt and 
dried at a t«nip»;raturi? which drives off the unconil.iined water. The 
material is then forwarded to Niagara Falls, where it is calcined 
in a 60-foot rotary furnace to free it of the chemically combined 
water. It is then delivered to an electric furnace consisting of 
a crucible 4 feet in diameter and 6 feet high, having two carbon 
electrodes 4 by 12 inches in cross section. The calcined bauxite 
is fed into the arc in regular quantity. There it fuses and Bows 
into the pot beneath. The pot holds an ingot which weighs IJ to 
2 tons. This is allowed to cool several days before it is broken. , 
The alundum is then crushed to egg size and shipped to Worcester, 
where it is graded for the different purposes required and worked 
into marketable wares, by bonding with such materials as fire 
clay, sodium silicate {or perhaps even dextrin or tar), moulding, 
drying and burning at a high temperature. 
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Mr. L. E. Saunders has considerable praise for alundum bricks. 
These were tested in the Fitzgerald and Bennie laboratories in an 
electric single-phase two-arc 3t«el furnace and proved capable of 
withstanding exceedingly high temperatures.* There are diffi- 



culties in using them at these temperatures in practical work. 
Basic vapors, such as those of lime and magnesia, attack the brick 
and form calcium and magnesium alimiinates. The bricks break 
off in layers and the roof is destroyed. While they outlast silica 
brick, the cost of the alundum is at present prohibitive to their 
wide application. 

Chrome or Chromite. — Chromic oxide, CrjOj, is not fusible 
at temperatures used iu any industrial practice. It is the de- 
sirable constituent which makes chrome iron ore (FeCraO,) valu- 
able as a refractory to the furnace man. It raises the temperature 
of fusion of the purer kinds of this material sufficiently high to 
allow the apphcation of their neutral salt in open-hearth steel 
furnaces. Accordingly, chromite is used for those furnace parts 
which demand a neutral refractory material without any reducing 
action such as the carbon refractories exert, and possessing some 
physical strength. Since, however, the purer kinds of ore contain 
at best only 50 per cent CrjOa, with considerable alumina, ferrous 
oxide, and silica, it is clear that the brick which ts made from such 
material will not contain more than 40 per cent Cr20! after allow- 
ance has been made for a quantity of admixed bonding material. 
Hence the softening jwint of chrome brick is lower than that of 
* Metatlurgiral and Chemical Engineering, March, 1912. 
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magnesia brick, and it is much less strong and resistant to high 
temperatures. It is, however, satisfactory in its resistance to 
the chemical action of slags, gases and dust. A 4^-iiich line of 
chrome bricks is used as a "buffer" lining between the basic-mag- 
neaia and the fire-clay bricks when they join at the slag line. A 
layer of chrome is often placed between the magnesia bottom and 
the clay-brick foundation of a furnace. It is used to cover the 
"ports" of gas-fired furnaces, through which considerable dust, 
slag particles and gases of acid or neutral character may pass. It 
is employed widely about the tap holes of blaat-fumace crucibles 
and settlers iu the smelting of copper and nickel ores. The French 
antimony-oxide and ore-reducing hearths are lined with it. It 
resists the attacks of the oxides of antimony, lead and bismuth 
even better than magnesia. It is used, mixed with magnesia in 
the form of brick, tor the bottom and sides of crucibles of the 
Laurium lead-blast furnaces. Fig. 42 shows the reserve store of 
The Harbison-Walker Go's. Chester plant. 



Fio. 42. — Chromitc sUircd at CliRSter, Pa. 

The Manufacture of Chrome Brick. — The most valuable 
deposits of chromite are found in Greece. Asia Minor, New 
Caledonia and Cuba contain deposits which are not at present 
drawn upon. The material is carefully picked and sorted before 
it is exported to America as crude ore. It is crushed in a Blake 
or gyratory crusher, and then mixed with fire clay or bauxite, or 
with bauxite and magnesia, or with magnesia alone; it is ground 
and tempered with a little water in a pan mill, moulded, dried and 
burned, as magnesia bricks are prepared. 
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Tar is sometimes mixed with it. Other binders used are 
burned lime, dolomite or magneeia. The ordinary kind of bricks 
consists of 90 parts chrome ore with 10 of bauxite or fire clay, or 
of 80 parte chrome ore, 20 parts magnesia, with often some bauxite 
or 6re clay added. 

Chromite bricks are unreliable in physical conduct when exposed 
to a temperature above 1500° C, They crumble and disintegrate. 
They become very soft and utterly disrupted when exposed to a 
temperature of 1800° C* An unique property of chromite is 
its modulus of heat conductivity which does not change at high 
temperaturt's. 

Properties of Chrome Bricks. — The use of chromite as a pro- 
tective covering for furnace roofs, and as a coating on individual 
fire-clay and silica bricks has been developed. Messrs. McNight 
and Youngman have patentcdf the preparation of a brick which 
shall have for its body portion a refractorj- material which will not 
yield to pressure or lose form at high temperatures, and a surface 
portion which will likewise resist high temperatures and at the 
same time offer greater resistance to the chemical action of molten 
metals, slags and gases. 

The chemically refractory surface which is added to the brick 
is not less than i inch in thickness and is placed on that surface 
of the brick which will be exposed in the furnace. The main 
portion of the brick may be silica or fire clay such as is used in 

* private communication from Chemical und Metallurgical LabomtorieB, 
Univerwty of Wisconsin. 

t U. 8. Patent, No, 1,010,350, Feb. 6, 1912. 
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bricks of that nature; and this main body portion may be burned 
before the appUcation of the refractory facing, or the facing may 
be applied to the unburned brick. The refractory facing is of 
chrome ore, burned magnesite, aluminous clays or aluminous 
products. A suitable binding medium of relatively low fusing 
point is placed between the body portion and the refractory facing 
BO that in burning the completed brick, the facing will be fused to 
the main body. In cases where magnesite is used in coimection 
with a silica-brick portion, the fusible binder may be omitted, as 
a fusion can be obtained directly between the magnesite and silica 
at suitably high temperatures. 

It is claimed that chromite bricka soften at the temperatures 
of the open-hearth furnaces; some American practice might dis- 
prove, however, that the furnace wails were weakened in any 
way, or the value of the hearth bottom impaired by the regular 
insertion of a layer of chrome brick between the basic and fire 
clay or sihcious materials. An American chrome brick analyzed as 
follows: 



SiOa 0.05 per cent 

FesOj 6.02 " " 

FeO 18.10 " " 

MnO 0.35 " " 



CriOj 

AI3O3 18.88 

CaO 1.23 

MgO 16.00 



per cent 



A brick of this character was tested for tiiree and one-half hours 
at a temperature ranging from 2958° to 3011° F. The expansion 
was 0.70 inch per hnoar foot. The permanent elongation was 
0.052 inch per 9 inches. In this tost the brick cracked badly and 
crumbled on removing from the furnace. 

Charcoal Bricks. — The refractory qualities of such a neutral 
material as carbon have been recognized for many years. It 
withstands sudden changes in temperature, resists the effect of 
high temperature and resists the chemical action of slags, ashes 
and gases. Coke braize has long been valued as a foimdation 
under the hearths of reverberatory metallurgical furnaces and the 
hearth itself is often made of a mixture of fine coke and fire clay. 
Particular advantages of the charcoal bricks are their poor con- 
ductivity of heat, the extremely small expansion at high tempera- 
tures and their resistance to both acid and basic slags under 
conditions in which these contain no oxides reducible at the tem- 
perature employed. At high temperatures the carbon of an arc 
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will reduce such oxides as magnesia. Charcoal bricks may not 
be used at high temperatures when they are exposed to the air 
or other oxidizing influences unless provision be made to cool 
them. They are in this respect not neutral. Carbon becomes 
plastic at temperatures as hiRh as 2500° C. Watts and Menden- 
hall were able to bend American charcoal bars at 1800° C. and 
a stick of graphite at 2150° C* Carbon does not melt; it 
boils at 3700° C. and volatilizes considerably l>elow this tem- 
perature. 

The Manufacture of Carbon Bricks. — The coke selected 
for the manufacture of tiie carbon bricks should have a low con- 
tent of ash. It is dried, gn)Und and sifted and homogeneously 
mixed with 20 per cent of tar. If possible, heat is applied during 
the mixing. The plastic mass is now stamped into wooden 
forms and then dried on hot Boors. The subsequent burning 
must be done in such a way that no oxidation or burning of the 
coke is possible. In Europe cliamber furnaces of the Mendheim 
type are used. In these 8pe(riai muffles are built in which the 
coke bricks are placed. Interstices between the bricks are filled 
with ground coke to prevent combustion of the bricks. During the 
process of buming the tar also cokes and makes a homogeneoua 
mass with the original coke of the brick. 

The mo,st satisfactory mortar to use with the coke bricks is a 
mixture of 2 parts coke dust and 1 part clay or of 4 parts coke 
and 1 part of clay. Graphite bricks are made in all sizes; they 
are denser, heavier and finer ground than the old type of charcoal 
bricks. These are made by the Acheson Graphite Company, at 
Niagara Falls. This siame firm prepares the carljon silicon com- 
pound, carborundum (CSl), which makes an excellent fireproof 
paint when applied to furnace roofs and walls. Another such 
compound is siloxicon. Graphite is more often used in the manu- 
facture of crucibles. Varying quantities up to 50 per cent of clay 
are mixed with thti graphite. These are made in all sizes and in 
many shapes. Plumbago is used as a fireproof and acid-proof 
coating for iron and steel. It is also used for dusting in the sand 
moulds used in making fine castings. All forma of carbon oxidize 
readily, graphite least readily of all. They should not be used 
at a high temperature or in contact with oxide slags. 

In Eurojjc the Morgan and in America the Joseph Dixon 
' Anndlen dcr Pliysik, Bunil 35, 1911. 
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crucibles have won enviable distinction. For further details on 
these refer to Chapter XII. 

Lime, cement, bone ash and marl are used in furnace bottom as 
mass, particularly in lead refining and in crucibles. Further in- 
formation is given under the chapters on crucibles and furnaces 
used in general metallurgical industry. 

Other Refractory Insulating Materials and Paints. — Asbestos, 
a double silicate of lime and magnesia, has many useful applica- 
tions in the making of crucibles where it bonds and holds the 
ground mass together, as a fireproof mortar in admixture with 
tar, and as a fire-resisting paint when mixed with water glass. 
It is also used aa a noncondui^ting packing about steam and water 
pipes and is used widely in the form of sheets in laboratories on 
sand and water baths and over direct flames or hot plates to protect 
and distribute heat to the glassware or dishes resting on it. As- 
bestos thread sacks are used for the filtering of fume from metal- 
lurgical furnaces. The patent filters of Fiechtcr are used in salt, 
flour and other mills. The use of the material is gn)wiiig, as 
methods of working it into useful textiles and forms in whiijh it 
readily finds application are developing. Care must Iw observed 
in using asbestos alone, as it quickly disintegrates at high tem- 
peratures. For further information see the chapter on refractory 
mortars and cements. 

Concrete as a refractory material Is most unsatisfactory. It 
cracks under the actions of hot neutral furnace gases at 120° C, 
and sulphurous and sulphuric acids in flue gases soon corrode it 
with especial rapidity if the gases are moist or if outside moisture 
can penetrate to the flue. 

As a materia! for tests and cupelling furnaces it is, on the whole, 
unreliable. Some hearths stand fairly well and others break up 
immediately. Floors of metallurgical and chenucal buildings 
should not be made of concrete, since metallic salts seep into it 
and, crystallizing in narrow confines, disrupt the floor. It is for 
the same reason unsuited for reservoirs holding acid liquors. 

The Carbon-Silicon Refractories 
Carborundum ^ Crystolon, Siloxicon and Carborundum Fire 
Sand. — ■ Two analyses of carborundum are as follows: 

(1) Si C = 87 per cent. Si O2 = 12 per cent, F(-aOj = 4 per cent. 

(2) Si C = 75 per cent, Si 0, = 20 per cent, Al:,03 = 3, FejOj = 1, 

CaO MgO = 1. 
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It is produced in the electric; furnace by the heating together of 
sand, sawdust and coal at a high temperature. It is a carbide of 
silicon and is crystalline in nature. It may be ground and mixed 
with tar, glue, sodium silicate and used as a protective paint or it 
may be mixed with about 15 per cent of fire clay and burned into 
brick. It withstands temperatures up to 2220" C. when it com- 
mences to dissociate but at 1470° C. its silicon content com- 
mences to oxidize and the material suffers in refractoriness. It ia 
extremely refractory to most basic and acid gases, dust and clays. 
The conductivity of carborundum is 5 times that of clay bricks. 
Its density ia 3.02 to 2.83: the volume density is 1.96. The 
porosity is about the same as fire brick, .30; its permeability 
only one-tenth, namely, 0.0063 cm^ second. 

While carborundum is the name given to the crystalline silicon 
carboride, and carborundum fire sand, or silicon to the amorphous 
impure silicocarbide made by the Carborundum Company, the 
Norton Company classify their two products under the general 
term crystolon, and differentiate crystalline and amorphous. The 
use of these materials was first patented by Talbot.* He gave 
preference to the amorphous carbide because it was adaptable 
and leas expensive for general metallurgieal purposes. He claimed, 
in his patent, the use of carljide of silicon (bonded with tar or 
other substance) as a refractory lining for furnace and metal- 
lurgical structures. 

The carborundum fire sand or amorphous crystolon is a product 
of the first stage in the formation of crystalline silicon carbide, 
and generally consists of a more or less heterogeneous green 
colored mass of silicon carbides (amorphous and crystalline) with 
certain silicocarbides SiiCxOj. In heating a mixture of sand and 
carbon slowly to the point where the carbon and silicon react and 
combine, the outer part of the charge will be green and contain 
some unconverted mixture along with siloxicons. Near the 
source of heat the substance changes from amorphous silicon car- 
bide to the real silicon carbide or carborundum. The carborun- 
dum finds wide use as an abrasive, particularly in the form of 
grinding and polishing wheels; the amorphous fire sand is used in 
the form of brick or of mass for lining and coating metallurgical 
furnaces. 

From a bulletin entitled "Carborundum Refractories" and 
• U. R. Patent, No. 6282688. 
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issued by the Carboriuidum Company, of Niagara Falls, N. Y., 
the following information on carlxtrundum fire sand is abstracted. 

Chemically, carborundum fire sand consists of several silico- 
carbides uf compositiouB ranging from SijCsOj to SisCtO, repre- 
senting the partial reduction of silica by carlwn at the intense 
heat uf the electric furnace. It is furnished in the form of finely 
ground sand and is mixed, before applying, with a binding material 
such as silicate of soda or fire clay to give it proper cohesion when 
brought up to heat. A silicate of soda of 52° Baum^ is best 
adapted for this purpose; it must be diluted with a certain quan- 
tity of water before being added to the fire sand. When clays 
are used, a crude New Jersey fire clay or one of equal purity 
should be taken. Kaolin may also be used with good results. 
Prepared fire clay, such as is furnished for laying up fire brick, 
is generally mixed with ground calcined clay or powdered fire 
brick, and is not suitable for the purpose. 

In estimating the amount of material required for a lining of 
gjven dimensions, the weight of the carljorundum fire-sand mix- 
ture may be computed as 85 pounds per cubic foot. 

Lining of Crucible Brass Furnaces. — For linings of crucible 
brass furnaces a mi;LturB is used consisting of 70 per cent car- 
borundum fire sand, 15 per cent ground fire clay, 8 per cent silicate 
of soda of 52° BaumiS and 7 per cent water. 

The silicate of soda is first added to the water and thoroughly 
dissolved. This solution is then mixed with ciay and fire sand 
until the materia! acquires the consistency of moulding sand. 
The constituents when thoroughly incorporated form a plastic 
mixture which is easily moulded and has sufficient cohesion when 
tamped into place to retain its shape until fired. A sheet-iron 
form is provided of the same diameter as the interior of the fur- 
nace, consisting of a sheet of iron bent in cylindrical form, so that 
after use it can be sprung in and easily withdrawn. The center 
may also bo constructed of wood and in such case should be well 
greased so that it can be drawn without the lining adhering to it. 

The mixture is rammed up solidly between the center and the 
outside shell of the furnace, after which the center may be at 
once removed and the lining dried out with a slow wood fire. It 
can then be immediately put into service. In cold weather it is 
well to warm all the materials before mixing. 

It is the practice in some foundries to provide channels or vents 
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to assist in drying out the lining. This is done by placing 4 or 5 
wooden strips, about 2 inches by 1 inch, spaced equally around 
the funiace inside und against the shell. These are withdrawn 
after tapping in lining. This same mixture ia used for lining 
ladles for brass, copper or iron melting. 

Linings of Tilting and Rotaiy Oil-burning Furnaces. — For 
tilting and rotary brass furnacea, in which the llninga art) sub- 
jected to the severest possible conditions, a mixture of 86 per cent 
carliorundum fire sand, 7 per cent silicate of soda at 52° BaumS 
and 7 per cent water is recommended. In many cases it is found 
advantageous to replace about 15 per cent of the fire sand with 
an equivalent amount of kaolin. 

This mixture is thoroughly incorporated and tamped between 
the shell of the furnace and a strong center provided for the pur- 
pose. When completed the center ia carefully removed and the 
lining dried out at once with a slow wood fire. It is then gradually 
brought up to heat by means of the oil flame and can at once be 
put into service. 

MMiy users of this style of furnace have found it practicable 
to throw in a small quantity of broken glass when first heating 
the lining. This glass, when melted, can be evenly distributed 
over the surface of the lining by tilting the furnace, and the in- 
terior thus acquires a smoother glazed surface which adds to the 
durability of the bning. 

Patches can be easily jnade in places where the lining becomes 
broken or worn. It is l)eat to cut out the broken parts, under- 
cutting the old lining, in order that the new portion may be keyed 
into the old lining. For the purpose of repairs the same mixture 
is used as when putting in a new lining. 

Repair of Fire-brick Linings. — A mixture consisting of equal 
parts of carborundum fire sand and fire clay or kaolin is extensively 
used for patchuig holes or broken parts of fire-brick linings and 
for filling open joints in furnace walls. It is used to good ad- 
vantage in ordinary crucible furnaces for brass and steel, also in 
copper reverbcratory furnaces for keeping the aide walls in repair. 
By its careful use it is possible to double the life of any fire-brick 
lining. The mixture is largely used m repairing the Schwartz 
downdraft furnace, and also as a wash applied daily after the 
melting. Another efficient mixture for this purpose is the one 
recommended for crucible brass-furnace linings given above. 
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A mixture of equal parte of Ore sand and fire day is used suc- 
cessfully in repainng the brick lining ot Tropoms converters, 
which are siU>jected to extreme corrosion by tbe flame. 

Carbonindum Foroace Paint. — Carborundum fire sand may 
be made up in the form of a paint or furnace wash by mixing 65 per 
cent carborundum fire sand with 20 per cent ground fine elay and 15 
per cent silicate of eoda of 52° Baum^ and adding siifficimt water 
to bring it to the condstenc>~ of a thick paint, which is applied to 
the surface of the lining with a broom or stiff brush. Two or three 
applications gave a proper coating. This makes an exceSent pro- 
tective coating for furnaces subjected to intense flame action and 
high temperature. It is preferably applied to new brickwork, as 
it does not adhere so efliciently after the linings have become 
glazed over or covered with slag. 

Special applications of carborundum paint are used in arch and 
bridge walls of boiler furnaces which are subjected to severe flame 
action, in potters' kilns, welding furnaces and malleable iron fur- 
naces. It is of great value in oil furnaces in protecting the bricks 
from the welI-knon~n pitting and eating action of the high-pressure 
oil flame. Carborundum paint is used with good results as a 
cupola wash in protecting the melting zone of foundrj- cupolas. 

Carborundum Mortar is made from a mbrturc of equal parts 
of carl)orundum firo sand and fire clay. It is used in laying up 
fire brick, in patching open joints and holes in brickwork and in 
general repairs. The life of a fire-brick structure is generally 
limited by the life of the joints. A mortar of carix>rundum fire 
sand is found to effectively stop the slagging and corrodii^ at 
the joints. 

Carborundum fire bricks are furnished in the regular size, 9 by 4J 
by 2i inches, and also in many of the special arch and key shapes. 
Many special shapes and forms are also made according to speci- 
fications and drawings. Carborundum bricks have made oconomy 
in oil furnace work of all descriptions, in connection with the 
melting of crucible steel in forging and welding furnaces, in electric 
furnaces and in brass furnaces. Tbey are, moreover, the only 
bricks which will stand the intense heat generated in furnaces 
using powdered coal fuel.* 

The Metal Refractories, Iron, Copper, Nickel, Platinum and 
Lead. — Iron is most refractory in the cast or pig form. As 

* From Metallurgical and Chemical Engineering, Vol. 9, No. 11, p. 614. 
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such it is used in lead smelting in the shape of kettles in which base 
bullion ia desilverized. The slag of zinc and lead oxide, which is 
formed on the top of the bath during the process, does not attack 
the metal. In fact the life of the kettle depends mostly on its 
capacity to stand alternate heating and cooling. It generally 
cracks first at the bottom, where the greatest heat and weight is 
felt. For this reason the kettles should be cast with the bottom:3 
down. Castr-iron and wrought-iron pans are used in making 
red lead. This is a dry process, the oxides do not fuse and the 
pans wear well. 

Cast iron has not proved successful in replacing mart, cement 
ajid magnesite in cupelling hearths. It is equally unsatisfactory 
as a ladle for holding matte and metal in copper smelteries. In 
lead blast furnaces the slag spout may be made of iron. All spouts 
holding matte should be made of other material such as water- 
cooled bronze or copper. 

Cast iron finds cont^iderable application in the chemical industry 
in the form of evaporating pans and crucibles. 

Steel flues have been used for many years in Germany and 
America. The water-cooled iron flues last fairly well, but the 
ellipse-shaped flues of some of the western works have not proved, 
on the whole, as economical as bricks. One advantage they possess 
lies in the cooling effect they have on the gases and the consequent 
comparatively rapid condensation of fume. Any steel tie bars, 
rods, stays or beams which are exposed to the action of hot air and 
gases should be covered with water-glass and asbestos, graphite, 
plumbago, carborundum or other fire- and air-resisting paint. 

Copper is an exceedingly useful material in smelteries. The 
tuyeres in iron-blast furnaces are often made of bronze. Most 
spouts brought in contact with matte or metallic copper should 
themselves be made either of copper or a copper alloy and be 
water cooled, or they should have an attached water-cooled lip of 
copper. Ladles and transfer cars are Uned with copper or bronze. 
Copper is attacked much less readily than iron by both molten 
sulphides and oxides. 

Iron oxidizes readily, particularly when hot, and starts chemical 
reactions when holding molten slags and mattes which soon 
destroy it. Nickel, platinum and gold are better materials for 
the manufacture of small laboratory crucibles. Nickel stands a 
temperature of 1400° C, platinum and gold much higher. Plati- 
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num kettles arc used in heating sulphuric acid in the process of 
concentrating and freeing it of arsenic; it would be much more 
widely used were it not exceedingly expensive. 

It is being replaced, to some extent, by electric quartz glass 
made by the Thermal Syndicate of Wallsend-on-Tyne. 

Lead, while not refractory to heat influences, finds a wide 
range of usefulness in chemical and metallurgical plants, in the 
form of sheet-lead lining for protecting the interior of iron and 
brass pipes from the attacks of acid liquors, and for the exterior 
protection of fans working in acid gases. Large quantities of the 
metal are still used for such purposes as chambers in sulphuric- 
acid plants, and for lining electrolytic and leaching tanks. In 
these the l(^ad contains some antimony, which makes it harder 
and more resistant to corrosion. Even one per cent of antimony 
serves to make the lead more resistant to acid attacks. 
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the fact that the wall is held ioside a riveted Bteel shell. The 
inn-alls of the shaft are Eigain divided into the lower inwall extend- 
ing 25 feet above the bosh, the middle inwall extending the next 
20 to 25 feet alwve the upper inwall or top. 

The slag is generally silicious, a bisilicate, aa a rule, contain- 
ing about equal parts of arid (silica and alumina) and base (lirae 
and magnesia). It would, therefore, tend to corrode a basic lin- 
ing, if such were economical and feasible. It has little or no 
effect on an acid lining, yet we do not use a straight silica brick 
but get better results from the very much stronger fire-clay 
brick, which contains about 40 peT cent alumina and 55 per cent 
silica and acts as an acid when in contact with supersilicious 
slags. 

The whole thickness of wall of the well or crucible is made 
of high-grade fire brick. The brickwork, from 27 to 36 inches 
thick, is surrounded by a steel jacket either of heavy riveted 
plate or still heavier castings of steel or iron built round the 
whole well in aegments. The outside of the plate jacket is some- 
times cooled ijy a water spray; the castings are rarely cooled by 
means of a trough of water about the exterior. Sometimes pipes 
for cooUng water are cast in the jacks;!. The bottom of the 
crucible is made of fire-clay bricks or blocks wliich are specially 
manufactured. Although the bottom has an enormous weight of 
slag and metals to carry, the whole weight of the contents of the 
furnace does not rest on it. The upward pressure of the blast of 
from 20 to 30 pounds to the square inch relieves the bottom and 
the bosh which also supports some of the weight of the " burden." 
The thickncs.'i of the bottom depenils on the size of the furnace. 
A depth of at least 5 feet is demanded in small fiirnaires, usually 
two or three times this thickness in large modem furnaces. The 
bottom blocks, which arc generally larger than the ordinary 
brick, measure 18 (height) by 8 by 12 inches or 18 by 9 by 4^ 
inches. They arc set so as to break any possible line of joints. 
This is shown clearly in Fig. 45. These blocks are made under 
heavy pressure and are truer in shape and form than the ordinary 
bricks. They require less fire-clay mortar since they are set closely 
and the whole set fits tightly inside the jacket. If the joints are 
not tight or the lines of joints are not broken so as to stagger them 
in the vertical plane, the molten metal will seep through, at first 
in small, but ultimately in large, quantities. Beneath this thick 
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bottom of fire-clay blocks is laid a deep foundation of inferior fire ' 

brick and concrete. 



Cbemical and Physical Analysu of Normal-sized He&rtb-waU 
Bricks, 9 by li by 2 Inches. 
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The tapping hole through which the iron is drawn from the well 
is 18 inches or 2 feet above the bottom and faces the pig bed 
when the iron is chilled in metal, or sand moulds. It is of square 
section, each side being from 2 to 3 inches in length. It is closed, 
when metal is not being tapped, with a clay cone or ball which ia 
aufBcicntly plastic to be moulded by hand, This burns into place j 
and becomes as firm as the wall. 

The slag hole or cinder notch is placed above the tap hole and 1 
distant from it \ of the circumference of the well. The notch 
marks the top of the possible iron content in the well, and the 
height above the bottom is planned so that the desired quantity 
of metal may accumulate before every tap. Through the cinder 
notch, slag alone flows. This slag, when running {at a tem- 
perature of 1580° C. = 2876° F.) from the furnace, corrodes by 
physical and chemical action any material which is allowed to 
!>ecorae hot. This appUea to the fire brick which would grad- ' 
ually be eaten out and an unmanageably large notch or hole 
would be produced. There is, accordingly, a hole left in the wall 
into which the actual notch cooler fits. This is made of a series | 
of hollow tapered-bronze, copper or cast-iron coolers, in the shape 
of a frustum of a cone through which water circulates. The outer 
and largest part is termed the cooler, the next smaller, the inter- 
mediate cooler, and the innermost, reducing the diameter to 2 
inches or 2^ inches, is called the monkey. This penetrates a short ] 
distance into the furnace beyond the wall of the crucible. The ] 



118 



REFRACTORIES AND FURNACES 



well of the metal pig iron, so the tuyeres or the apertures, through 
which the blast is admitted, govern the height to which the slag 
may rise. There are from 10 to 16 of these situated from 2i to 4 
feet above the level of the cinder notch. These are similar to 
the cinder notches in that they consiat of an outer cooling ring 
fitting into a conical hole left in the walls, but cut off flush with 
the interior and exterior of the furnace walls. In this outer cool- 
ing ring is fitted the tuyere itself which projects into the furnace 
somewhat beyond the plane of the inside of the lining. 

The tuyere is a small, hollow, bronze or phosphor-bronze cast- 
ing which extends from a few inches outside the interior face of the 
lining to about 9 inches into the furnace, beyond the wall. The 
water generally circulates from the bottom entrance pipe to the 
top exit pipe. The diameter of the tuyere opening varies from 
3i inches to 7 inches. The air-blast main surrounding the furnace 
is called the bustle pipe. It is connected to the tuyere by the 
tuyere stock, which is made in two sections of cast iron and is 
Uned with 2 inchcK or 3 inches of fire-ciay brick. It is flanged and 
bolted to a flanged arm of the bustle pipe and attached at the 
bottom to the furnace bands by a spring. A second connection, 
called the blowpipe, which rests against the inner tuyere, is held 
in the stock in a ball-and-socket ground joint. At the back of the 
tuyere stock and in direct line with the blowpipe and tuyere ia 
the eye sight, an opening closed by a piece of glass or mica. 

The bustle pij}e is a cylindrical, sheet steel pipe, lined with 
from ,9 to 12 inches of fire-clay brick. It ia suspended by straps 
or brackets from the furnace columns at a height of 10 to 15 feet 
above the floor. The reason for lining the bustle pipe and tuyere 
stock lies in the fact that hot-air blast is used. The main carry- 
ing this from the stoves must also be lined to a thickness of 9 to 
12 inches. This lining must be hard and tough to resist the 
abrasive action of the blast laden with dust from the stoves. It 
has to withstand variation in temperature and may not, therefore, 
be too dense and rigid. A fire-clay brick is made in shape and 
composition to suit these bustle-pipe linings. 

The bosh or middle section of the furnace extends from the 
top of the hearth to the lowest part of the inwall or shaft proper. 
It is made in one of two ways. The first form is shown in Fig. 
44,* ivith the brickwork stepping up from tiic smaller circum- 

*"AStudy(if tlieIJliu(tFumai;e,"byHiirbisoii-WaJkerRcfract(jrieaCo.,p. 17. 
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ference of the hearth area to the larger section at the junction with 
the inwall. Every step of about four bricks {on edge) is girdled 
with an iron band; between the bands are bosh-cooler plates 
through which water circulates. These are of bronze or copper, 
and inay be baffled or open. In the former tyi)e the water is led 
to the back or nose and returns past the baffles. The plates are 
generally as long as the walls are thick. Their object is to cool 
the brickwork of the bosh, which is the hot zone of fusion of the 
furnace. The walls of the bosh are 27 inches thick and made of 
fire-clay brick. In a second method of construction the walls are 
from 9 inches to 13^ inches thick and girdled by a continuous steel 
shell which is cooled by water running from an upper trough, down 
the plate, into another trough and ao on down to the bottom trough 
which conducts away the now hot water. The bosh brick may be 
made from the same refractory mass used in making hearth or 
crucible brick. 

The stack or inwall of the furnace rests on a mantle of heavy 
steel plates and angles carried on a number of hollow cast-iron 
pillars embedded in a firm foundation of concrete. This mantle 
carries the weight of the shell and the inwall; in fact, it supports 
the whole furnace exclusive of the hearth, the bosh and the con- 
tained charge or burden. Thus the bosh and hearth may be re- 
moved independently of the rest. 

The inwall of fire brick inside a steel shell extends from the 
mantle to the bell and hopper charging device at the top. It is 
true that for a short distance below the bell the walls may be 
vertical. At the point where they commence to assume the shape 
of a cone, the diameter of the furnace section is about 15 feet. 
This gradually increases in diameter until it reaches 22 feet clear 
at the top of the bosh. The cold charge fed at the top of the 
shaft gradually expands under heat until it is on the point of 
fusion at the top of the bosh, when it contracts in its gradual 
change from solid to liquid state during its passage through the 
boshed section. The lining of the lowest part of the inwall may 
be as thick as 5 feet; it generally tapers from here toward the 
top where it is from 27 to 41 inches thick. 

In more recent years it has been found conducive to the main- 
tenance of the inwall to msert cooler plates. They are placed 
farther apart than in the bosh. Jackets or plates for cooling 
must increase the life of the masonry. Fire-clay and basic 
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bricks arc not attacked by the oxides, siaga and salts, formed in 
a blast furnace until they are heated. Cold lining suffers less 
from the physical wear and tear of the deacending charge grinding 
along the walls. The top of the furnace is closed by a double 
bell and hopper. The gas escapes hy 1, 2, 3 or 4 openings at the 
top of the furnace. From these openings in the furnace walls 
flues or pipes lined with fire-clay bricks lead the gases downwards 
to the dust catcher whence they go to the stoves. Here the gases 
give up theu- sensible heat, which is that which would re^ster on 
the scale of a thermometer or of a pjTometer, and part of their 
latent heat, due to the combustion of some part of the gases. 
After leaving the stoves they are burned under boilers or in gas 



The manufacture of bricks for the inwall or shaft is a favorite 
specialty with refractories companies. The quantity needed is 
larger than in almost any other department of iron and steel 
manufacturing. The properties of two representative brands are 
described in the following result of chemical and physical tests.* 
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The bricks used in lining the downtako or downcoraer, which 
leads the gases from the furnace top to the dust catcher, are of 

■ Privati' communication. 
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I similar quality. The shape and size depends on the size of the 
t downtakc. Aa a rule it has a 9-inch or 183-inch fire-clay brick 
, lining. 

The dust catcher is a large brick-hued vertical steel cylinder, from 
15 to 30 feet in diameter uaually witii a dome or conical top, and 
with an inverted conical bottom. This has an opening through 
which the accumulated dust jnay be discharged. The dust is 
deposited on account of the larger volume of the duat catcher 
and the consequent decreased velocity of the gases coming from 
the narrower duwntakes or dowucomer. From the dust catcher the 
gas is piped to the hot-blast stoves through the gas mams. The 
lining of the gas mains is made half a brick thick. In the dust 
catcher the lining is generally 9 inches. In the downcomer and 
dust-catcher gas mains the lining is exposed to only fairly high 
temperature, but must resist the abrasive action of the furnace 
! gases rushing through and laden with dust from the ore, the fuel, 
' and the limestone and fluxes. Accordingly the brick must be 
dense and tough and at the same time resistant to considerable 
heat. They are made in standard sizes of suitable fire clay for 
flues with diameters of 3, 4 and 5 feet. The standard sizes 
are: 

CI) For flues of 3 feet diameter 13^ by 9 by 3^ by 21 mchos; 
also 9 by 9 by 3^ by 2J inches. 

(2) For flues of 4 feet, 13^ by 9 by 3^ by 2^5 inches; aiao 9 by 
9 by 3a by 2J5 inches. 

(3) For flues of 5 feet, 13^ by 9 by 3} by 2^ inches; also 9 by 
9 by 3J by 2H iachea, 

(4) For enlai^ing these circles, 13^ by 9 by 3^ inches and 9 by 
9 by 3| inches. 

The downtake pipe which leads the gases away from the furnace 
becomes very hot only when the furnace is running abnormally; 
under ordinary conditions the temperature of the gases leaving the 
furnace is from 600° to 700" F. The temperature at the tuyeres 
is 2732° F., and the blasts of air entering through the tuyeres has 
been prepared to effect this result, by being heated to about 
1100° F. in hot stoves, into which it is driven by the blowing 
en^ne. 

The hot stove is a large chamlier lined with fire-clay bricks and 
holding a system of checkers or brick r^enerative chambers in 
which the heat from the outgoing gases is stored to be later 
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of the stove is to abstract the heat from the ga,ses passing through 
them from the blast furoaec and transfer it', when the~stove has 
been thoroughly heated, to the cold air blast in its passage from 
the blowing engine to the furnace. 

The lining of a blast furnaee is liable to destruction from a 
multitude of caus&s, and the most refractory fire bricks will not be 
fool proof against mismanagement of the furnace. The longest 
Uved furnaces are those which arc most carefully warmed, blown 
in, and charged under the continuously watchful eyes of a wise 
superintendent. When a furnace, new or reluied, is to be blown 
in, the first care is to dry the brickwork thoroughly. Even 
though the fire-clay bricks for the lining are laid with the thinnest 
possible joints, there is always some moisture in the "grouting" 
or "slurry" of fire clay, and there is quit* a large quantity of this 
used for "pointing" and in the interstices. At first a light fire 
of wood or from gas burners is made on the hearth and kept goin;^ 
with increasing intensity for two weeks. This work should not be 
hurried as the subsequent length of life of the lining of the whole 
furnace depends on it. 

The character of the slag formed has a great effect on the life 
of the lining. It must be so composed that it is neither too 
viscid nor too fluid at the normal temperature produced in the 
furnace when rurming under fair conditions of reduction and 
fusion. A liquid slag corrodes the lining very quickly. The 
regular slag, a bisilieate or sesquisilicate of lime and magnesia 
slag, gradually attacks fire-clay bricks. Fortunately, however, the 
lining is very soon protected by a deposition of carbon, at a tem- 
perature of 400° C, the CO of the gas, rising in the furnace ai 
in the presence of oxides of iron, etc., deposits C, 

2 CO = C -h COi. 

This deposition is greatest at the top of the furnace- and de- 
creases lower in the shaft. It always takes place, however, in 
sufficient quantities to protect the lining at the top; the action 
on the other hand often disrupts the bricks lower down by acting 
on the ferric oxide contained in the clsy. The beginning of the 
damage to a lining is heralded gcnerall ji; by the appearance of a 
hot spot on the shell some distance abovXtho mantle. It is gen- 
erally caused by faulty distribution of the ciuirge over the furnace. 
This may result from the feeding dcvicii working unovenly^j 
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throwing, for instance, the coarse stuff against one spot until a 
channel for the blast has been made thither with the consequent 
eating out of the lining. The usual remedy is to put on a water 
spray to chill the walls so that the lining may be built up again 
by chilled slag or charge, particularly if the root of the evil is 
discerned. If the hot spot is due to the lining parting into a 
crack, "grout" or fire clay and water may be pumped in. Some- 
times the alkaline carbonates and other alkali salts from a two 
or three basic silicate of low melting point deposit on the cooler 
part of the furnace, where it fuses prematurely with the lining. 

The other sources of attack on the lining are mainly physical, 
due to the wearing of the charge against the side, and the physical 
attack of the slag and iron dripping on and gradually cutting the 
lining lower down. 

Refractories in Coke Ovens. — To make] coke, a coking 
bituminous coal is subjected to heat in a vessel in which the 
volatile constituents may distil and leave the fixed carbon and 
concentrated fixed impurities in the form of coke. The beat is 
always furnished by the combustion of the volatile hydrocarbons. 
The rest of these gases are wasted in the so-called beehive oven, 
but they are recovered, and the values of lighting gas, tar, am- 
monia and heavy oils realized in the by-product ovens. The 
strain on the two furnaces is of different kinds. The original 
beehive works intermittently in that a charge of coal is coked in 
from 60 t*. SO hours, then cooled and withdrawn and the furnace 
is recharged. In the Belgian type of the beehive the chief modi- 
fication is that instead of having one working door only, the oven 
has a door on each side. This permits of the whole charge being 
pushed out when coked, instead of being drawn or raked toward, 
and then out of, the only working door as in the original beeliive. 
In the by-product ovens which are tall, narrow and long furnaces, 
heated on the long sides and sometimes underneath by gas, open at 
both short ends and charged from above, the coal is coked and 
pushed out into cars and a new charge dropped in about 18 hours. 
Thus this type of furnace is subject to sudden change of tem- 
perature; the heat on the long walls is intense and a refractory 
with an exceedingly high melting point is desired. 

In the beehive a high temperature is obtained but the greatest 
strain is physical, due to the abrasion of the charge on the walls, 
especially when machine drawn. 



METALLURGY OF IRON AND STEEL 



127 



The beehive oven is shaped like its namesake, and is a section 
[ of a vertical cylinder about 12 feet 6 inches in diameter and 2 feet 
E 8 inches in height, surmounted by a dome. The total interior 
1 height is about 7 feet. The walls or liners are made of high- 
i grade fire-clay bricks, 9 by 4^ by 4 by 2^ inches. The crown of 
the dome, which has an exceptionally high temperature to with- 
stand, must be made of material with small modulus of expansion 
and great resistance to any action from heat. Silica brick bonded 
with lime has proved the best for the purpose. These are gener- 
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Fig. 49. — Belgian Coke Oven. ' 

ally 9 by i^ by 4^ by 2^ by 2i inches. The mortar used may be 
a mixture of ground quartz and plastic fire clay. The silica brick 
has a fairly constant coijfficient of nxpansion and accordingly a 
very rigid crown may be made, by allowing the right sized joints 
to take up the known expansion. The fronts and floor tile are of 
fire clay. The foundations under the floor consist of a lowest 
foundation of well-tamped i;lay filling; above that and under the 
tile is a bed of .sand and loam. The tile floor is made of sizes 12 by 
12 and from 3 to 4 inches thick. The apex of the beehive tlirough 
which the coal is charged is made of a hollow ring in sections or it 
may be a solid piece with a hole in the center: 23-inch top diameter 
with 13-inch clear diameter of hole and 21-inch bottom diameter 
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■wath 14-inch clear diameter of hole and 10 inches thick, or it may 
be made in a 12-pieec section of Uke size over-all. The trunnels 
are made of either silica or fire clay. The operation of the fur- 
nace is relatively simple. The coal is charged into a hot furnace 
and the slow combustion for heating and producing degasification 
is regulated by allowing the air to enter through a small port 
above the working or drawing door which is closed with bricks | 
luted with mortar during the coking period. 

In the Belgian oven which is shaped more like a tunnel, a low 1 
arch forms the roof which is 7 feet 6 inches above the floor at the I 
middle or charging hole and flattens out to only 3 feet 9 inches 
at the two end drawing holes. The same general character of 
bricks is used in the Belgian furnace oa in the regular beehive. 
The lower part of the wall has a height of 2 feet 6 inches 
of 10-inch courses of fire-clay liners throughout the whole fur- 
nace. This represents the height of the wall which is covered by ■ 
the coal or coke and which is inclined to frit into it and abrase | 
it when being drawn. Then above this level there are 9 by 13j 
by ii-inch silica brick to the spring of the low roof arch where 
crown arch brick may be used. These roof brick are also made of 
silica with lime bond. An examination of the 9 by 4^ by 2i-iLch, 
Ume-silica brick made by two representative companies resulted h 
the following figures ; * 
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Sometimes a quartzite brick, made by bonding and bunyng 
ground quartz with fire clay, is used. These are less physically 
strong and resistant to heat and are poorer conductors. A rep- 
resentative sample was tested and gave the following results: 
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After the charge is dropped the drawing doors are closed with 
tricks and luted with loam. The air is admitted through an 
aperture above the drawing door; gases escape through the charg- 
ng door as in the beehive, or through special canals if the value 
or part of the value of the gases is realized by burning under 
Mjilers. After from 56 to 72 hours the doors are opened, the charge 
is cooled with a ^vater spray and then drawn. 

By-product Coke Ovens. — In all these ovens the coal is 
degasified in an oven separated from the heating chamber. In 
his they differ from the beehive in which the heat, to promote 
degasification, is generally produced in the oven itself by the com- 
lustion of some of the hydrocarbons in the coal; the amount ol 
his combustion in regulated by the admission of air through a 
lole above the drawing door. The heating chambers of the by- 
product ovens arc generally long canals beside, and sometimes 
also underneath, the coking chambers. These chambers are from 
30 to 45 feet long, 16 to 24 inches wide, and 5 to 8 feet high, and 
% series forms a block of ovens. 

Some of the various types are known as the Koppers, Otto- 
loffman and Seinet-Solvay. In all types the walls form flues 
through which a portion of the gases pass and in which this portion 
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is buraed, thus heating llie coal in the oven and effecting its de- 
gasification. The coal in the long narrow furnaces is thus quickly- 
coked, speedily pushed out, and little heat is lost. The coal re- 
cedes toward the middle from the side walls in coking and as- 
sumes a regular physical structure, and has an uninviting, gray, 
lusterless look. It makes an excellent coke for smelting purposes 
and the process supplies large quantities of anununia, tar and oils, 
in the form of by-products, which are extracted from the gases, 
during their passage from the oven through the cleaning and 



Fig. 50. — Longitmlinal .Scrt 



■i'jlv^iy Coke Oven. 



washing house to regenerative chambers and the Bues, In these ' 
the combustion of. the gases takes place and their heat is trans- 
ferred from the canals which surround the oven ])roper to the i 
coke with which it is charged. Silica bricks are used through- 
out the canals and ovens except in the checkerwork of the regen- 
erative chambers wliich may be made of fire-clay bricks. Because J 
silica brick and shapes expand unifonnly, the o^'en walls last 
longer and since they have a greater heat conductivity than fire- 
clay, quick coking is promoted. There is scarcely any department 
of metallu^y which requires more care in selecting and setting the I 




rapid, and they should be 
built by expert engineers. 

Steel Furnaces. — T« 
make the pig into mal- 
leable cast iron which 
should \ie tough and yi't 
mouldable, the white e;tst 
iron is heated, withoul 
being melted, in a rever- 
l)eratory furnace with oxi- 
dizing agents, and the cur- 
bon 13 burned off. Often 
the white cast iron ban al- 
ready been cast; the cast 
objects are then placed in 
the furnace, freed of tin.- 
greater part of their car- 
bon and made toupb and 
malleable. The oxidizing 
agent uaed is gcnfrally 
hematite, linionite, cal- 
cined magnetite or car- 
bonate ore. On accourjl 
of these oxidizing influ- 
ences acting at a fairly 
high temperature, the lin- 
ings are liable to be at- 
tacked, particularly when 
high in sihca, form 
ferrous silicates. Accord- 
ingly only the best brands of high-grade aluminous fire-clay 
bricks may be used in the process. 

As far as the action of the ferric-oxide base is concerned the 
alumina fire-clay bricks act as a neutral salt, and do not allow 
the formation of ferric salts, with either silica or alumina or 
with both. The malleable furnace has a hearth of silica sand. 
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sides and roofs of fire-clay bricks, and a fire box of second quality 
fire-clay bricks, with a mortar of mixed plastic and lean Ere clay 
or of fire clay and loam. 

Puddling Furnace. — To make the soft tough iron, known as 
wrought iron, the pig iron is melt«d on a hearth fettled with an 
oxidizeii slag and brought to the nature of purer iron by the 
oxidizing influences of (certain agents, such as hematite, which are , 
added; at the same time all the impurities are slagged off. The 
pig iron with 3 per cent carbon fuses at about 1100" C which is 
about the temperature attained in the furnace, and becomes pasty 
on changing its alloyed condition to purer iron. The process is 
known as puddUng and is carried out in a stationary rcverberatory 
or in an oscillating gas-fired hearth known as the Roe furnace. 
Puddle<i iron .ilways contain,? slag, which makes it tough. 



Fig. 52. — Double Puddling Fuinace. 

The hearth may be of magnesia brick on which a fettling of 
slag from the process itself may be sweated. The sides should be 
of magnesia to the height of tie surface of the bath. The rest 
of the sides and roof are of fire clay. 

Bessemer Converters. — Converting of pig iron to steel is ef- 
fected with cither a basic or an acid lining. In America the acid 
lining alone Is used. In an acid-lined converter steel may be pro- 
duced from pig iron which has a low phosphorus content, less than 
^ of 1 per cent. The converter is a steel shell lined with silicioua 
mass (ganister) or blocks. The bottom through which the blast 
enters, which by combining with the silicon and carbon in the hot 
metal supplies sufficient heat to burn off and slag all these im- 
purities, is composed of specially shaped blocks. These fit 
together in such a way that about 20 holes 6 inches in diameter 
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are scattered evenly over the bottom. These are tamped with 
clay, and perforated with about 250 §-inch holea to allow the 
passage of the blast. 

Lining. — The lining is made of highly refractory acid material 
composed principally of silica. In England a ganister rock is 
used, or sometimea the lining is rammed around a pattern and 
is composed of BJlicious material held together by a small amount 
of fire clay. In America it consists usually of blocks of ganister 
or of mica schist (a eilicioua rock consisting of pseudostrata, or 
lainime formed by tiny plates of mica) laid with a thin layer of 
refractory fire clay between, and in such a manner that the edges 
of the laminiB will be exposed to the wear to which it is subjected. 
The converter slags are always high in silica and corrode the lin- 
ing only slightly. If, however, any uiicombined oxide or iron 
comes in contact with it, it is attacked very rapidly. For this 
reason the mouths of the tuyeres are rapidly eaten away, and this 
part of the converter lasts only from 20 to 25 blows. The bottom 
is, therefore, fastened to the body with links and keys, so that it 
may be readily detached and replaced by a new one. Indeed, in 
some works bottoms arc changed with an average delay to the 
operation of only about 20 minutes for each replacement. 

Bottoms. ^ The lining of the bottom is made by placing the 
tuyere bricks in position and then filling in around them with 
refractory material consisting of damp silicious material held 
together with clay and containing usually some coke braize, 
which seems to lessen the chemical activity of the corrosion. 
The details of lining vary so grcsatiy that no general rules can be 
given. The nmnber of tuyeres is from 18 to 30, the number of 
holes in each from 12 to 18, and the size of the holes f inch 
(EIngland) or from § to | inch (America). The correct lining is of 
the greatest importance and is the most influential factor in deter- 
mining the life of the bottom, which furthermore depends upon the 
care in drying, the temperature of blowing, the pressure of blast 
and the composition of pig iron. A Iwttom should dry 36 hours or 
more. Its life is shortened by (1) hotter blows, (2) longer blows, 
(3) lower blast pressure (because the blast holds the metal away 
I from the mouths of the tuyeres), and (4) more manganese in the 
pig iron (because a wet slag is more corrosive). Between heats, 
' when the vessel is on its side receiving the reearburizer, pouring 
■ into a Uidle, or receiving a now charge, the lining of the bottom 
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can be repaired. For instance, if one tuyere eats away faster 
than its fellows, the excessive corrosion can be prevented by 
stopping it up with mud, because, if no air passes through the 
holes, no oxide of iron is formed at their mouths; or a worn 
tuyere may be replaced by a new one, etc. These repairs are 
chiefly made through the wind box, the back plate of which is 
removable. 

When a bottom is worn out it is taken away and a new one 
brought on a car and placed under the converter, which is in the 
vertical position. Around the top ia pUeil a ring of thick wet 
mud, and, as the bottom is forced up against the body by hydraulic 
pressure, the mud is squeezed into a firm joint. 

The Basic Converter. — This vessel is very similar to the acid 
converter. The lining is made of mass generally either of cal- 
cined dolomite or magnesite. The bond used is hot tar which 
is admixed in a proportion of about 10 per cent of the mass. The 
whole mixture is ranmied hot about a pattern. In tamping the 
bottom 5-inch wooden pins are rammed in with the l inin g, and 
withdrawn when the mass is sufficiently set. The l ining must not 
enter into combination with the slag, but must resist its attacks. 
The oxides of phosphorus, silicon and sulphur combine with lime 
which is added to the bath just before blowing; the lime required 
is from 14 to 20 per cent of the weight of the iron. The slag is so 
rich in phosphorus, containing from 12 to 20 per cent phosphoric 
acid, that it may l>e used as a fertilizer. 

The Cupola. — The cupola affords the cheapest means of melting 
metal for cleaning or making alloys because of the direct contact be- 
tween metal and fuel and the accompanying maximum absorption of 
heat. It is, in. reality, a small bla.'^t furnace, but instead of reducing 
ore it remelts metals and alloys for the steel and foundry industry, 
such as Spiegel for the converter and open hearth and cast iron. All 
cupolas are round cylinders, with a lining of fire-clay blocks held in 
a steel shell. The inside diameter varies from 2 feet 6 inches to. 
5 feet in the clear. Special shapes of fire clay are made for all 
sizes, thus avoiding waste in cutting brick. 

The Acid and Basic Open Hearth. — In the acid open heart.li 
relatively pure pig, i.e., iron free from large quantities of phos- 
phorus and sulphur, may be made into steel by oxidizing and 
burning off or slagging the impurities. The acid open hearth 
used as a remelting furnace for toning all kinds of steel to 
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requireinenta. In the basic open hearth, pig iron relatively high 
in sulphur and phosphorus may be made into steel since the basic 
converting process is not used in America or England. This 
basic open-hearth process has been widely developed, and in its 
development has advanced the study of refractorj' materials very 
considerably. The lining of the acid open-hearth furnace is gen- 
erally of silica bricks. The bottom may be made of sand and clay 
mass, boshed in the side. The lining is gradually eaten out by 
the ferrous and nianganous oxide, especially if there is not suf- 
ficient silicon in the original pig iron to make a silicate slag with 
the oxidized metals during thii proce.ss of refining.* 

Regenerators. — With the furnace are connected two pairs of 
resi'nfratDrs which prt'liciit the gas and air for combustion. The 



Fig. 53. — Basic Opca-heartL Furnace. 



internal volume of each of these chambers is from J to ^jj of that 
of the working chamber itself. The larger the chamber, the 
greater will be the amount of heat intercepted in it, and there- 
fore the lower the temperature of the gases which go to the stack. 
The amount of space actually occupied by the bricks, or checker- 
work, is the important consideration, however, and this should 
he from 5000 to 10,000 cubic feet for all four regenerators in a 50- 
ton furnace. The capacity of the two gas regenerators is usually 
less than that of the air regenerators, because the volume of gas 
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ii^ed Id less than that of the air, and alsu because the (;as does 
not require to be preheated so much, since it is already ' some- 
what warm from the gas producer. During the operation of the 
furnace more or less slag, dirt and dust are carried over with the 
outgoing gases. To intercept this, slag pockets or dirt pockets 
are provided;* but in spite of them the space between the bricks 
of the checkerwork becomes partially choked, and for this reason 
the total area between the bricks must be much larger than the 
area of the ports, so that the velocity of the gas will not be 
lessened. On the other hand, the space is limited, becaossThe 
bricks must be laid in such a way that the maximum amount 
of surface shall be exposed and the gases forced to the greatest 
possible contact with them. The furnace must be laid off for 
repairs when the passages between the bricks are choked by dirt. 
The modem construction makes the regenerators as tall as pos- 
sible in order that incoming gas and air may be forced into the 
furnace by the draft, and also because this chimney effect causes 
the incoming gas and air to seek naturally the hottest places and 
the outgoing gas to seek the coolest places, in this way equaliz- 
ing the temperature in the different parts of the regenerators. 

The space underneath the checkerwork should be so large that 
the incoming gas and air will distribute itself uniformly through' 
the different passages, and the temperature of the fire bricks at 
this lower part will be, say, 400° C. (752° F.), although varying, 
of course, with different furnaces and at different times. When 
the regenerator is receiving the waste gas from the furnace the 
temperature of these bricks will be that of the gases which go 
to the chimney, say 400° to 600° C, and when the air or gas 
is passing through the regenerator on its way to the furnace 
these bricks will be somewhat cooler, depending upon the length 
of time that the regenerator has been in this phase of the opera- 
ation. The temperature of the bricks at the top of the regener- 
ator will be about 1000° C. (1832° F.), and therefore the air and 
gas entering the furnace will be the same. 

Ports. — The ports are so arranged that the ffame shall be 
deflected from the roof and yet not impinge upon the bath, or 
impinge only very slightly, because the bath would thereby be 
oxidized excessively. The gas should be spread out over the 
width of the hearth beneath the air, and the two should be brought 
* Bradley Sloughton, op. cU., p. 134. 
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together just before they enter the laboratory or work chamber. 
The air, especially, must be kept away from direct contact with 
the bath, and for this reason the gas ports are placed below the 
air porta; this arrangement haa the further advantage of pro- 
moting a better mixing of the two, aince the gas is lighter and 
therefore rises. In America the favorite arrangement is two gas 
ports, above which is situated a long alit, extending almost the 
entire width of the furnace, which serves as an air port. This ia 
not universal practice, however, for in some cases there are two or 
even three air ports. In one case the two gas port? are built wide 
and low, so that they will deliver thin streams and get a better 
mixing of the two materials for combustion. The area of the air 
port in a 50-ton furnace should be alxjut 18 square feet, and the 
combined area of all the gas ports on one end should be from 8 
to 10 square feet depending upon the quality of gas used. 

The roof must be protected from the direct impact of the Bame, 
because even the most refractory silica bricks would be melted 
by the intense heat. The heat in the regeneratorR and uptakes 
gives the gas and air a velocity which causes them to enter the 
furnace with some force, and the construction of the ports directs 
the stream in the desired manner. The mouths of tlie port's are 
gradually melted away by the intense beat of combustion of the 
outgoing gases, until they finally cease to serve this purirose, and 
it is impossible to get the proper mixing and the proper kind of 
a flame in the laboratory of the furnace. The ports must then be 
repaired, or the temperature cannot be maintained. 

Draft and Chimney. — The draft must be sufficient to catch 
the flame about in the middle of the laboratory and drag it out 
through the ports on the opposite side from which it entered 
without allowing it either to drop down and touch the bath (as 
this is to be heated almost altogether by radiation) or to impinge 
upon the roof. This draft also has to do the work of over- 
coming the friction of the outgoing regenerators and flues. Its 
force will depend upon the height of the chimney and the tem- 
perature of the products of combustion after they have left the 
regenerator, which should be about 400° C. (752° F.), though 
even better economy (i.e., a lower ■ temperature) than this is 
obtained in many cases. All the heat carried away by these flue 
es is, of course, wasted, but the great cost of the refractory 
I bricks in the regenerative chambers makes it unwise to reduce the 
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temperature of the flue gases too much by enlarging the checker- i 
work. 

Roof. — The roof is made thin and of the most refractory 
bricks that can be obtained, i.e., almost pure silica, with enough 
lime to hold them together in a compactTBass,- The" walls are~also" 
thin, and the radiation from the furnace chamber is great, but 
this has to be endured, as thicker walls and roof produce endless 
trouble by expansion and contraction. The roof is arched" and 
suspended from beams independent of the side walls. 

Life of the Furnace. — The "life" of an open-hearth furnace . 
means the number of heats that it can make continuously with- 
out stopping for any more extensive repairs than can be made in I 
the usual week-end shutdown. No figure can be given for this j 
except in the most general way. The life of the furnace will be 1 
ended usually in one of three ways; (1) the falling in of the roof, J 
(2) the eating away of the ports, so that the flame can no longer 1 
be maintained properly, or (3) the giving out of the regenera 
which may occur either through the choking of the checkerwork, 
or through a crevi«!e formed by the contraction and expansion of 1 
the bricks, so that there is a serious leak between the gas chamber ] 
and the air chamber, and premature combustion takes place. If | 
a basic furnace makes 350 heats, it is considered good work, and I 
we may perhaps tentatively consider this figure as the "three-J 
score years and ten" of a furnace making steel for structural] 
work and similar purposes. Three hundred and fifty heats would J 
mean about 18 to 24 weeks' work in America. An acid furnace j 
will last about 1000 heats.* 

Construction of Hearth and Bottom. — The hearth is made 1 
with a thickness of 18 to 24 inches inside the furnace shell, in the j 
form of a shallow dish whose sides reach up to the level of the] 
charging doors, and so constructed that the depth of the metal will I 
be from 12 to 24 inches, the former figure in the case of a very! 
small furnace, say from 5 to 15 tons, and the latter in the case of i 
one of 50-ton capacity. If the bath is too shallow the oxidation 
will be excessive and the wear of the lining by oxide of iron, with 
consequent production of slag, will be great; if the bath is too deep 
the melting and oxidation will be slow. In the case of an acid 
bottom the portion of the lining next tt» the shell will be made 
of refractory clay brick, and the upper portion will be formed 
* Bradley Stoughton, " Metallurgy of Iron and Steel." 
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I by shoveling in silica sand, spreading it out in a thin layer about 

■ |-inch thick over the entire hearth and then allowing it to sinter 

at the full heat of the furnace for about 10 minutes, to set it 

finniy in place. Upon this layer will be set another layer in like 

manner, until the whole hearth is constructed, and then it will 

washed!' -with a melted bath of old slag to fill all crevices 

I and give a glazed surface. 

In the case of the basic hearth the bottom is made of calcined 

I dolomite held together with 10 per cent or less of anhydrous 

f tar. In this case the layer of bricks next to the lining is very thin 

^and the dolomite and tar are set in layers by the heat of the 

furnace as in the case of the acid lining. The tar burns to a 

strong coke, which holds the mass together in a firm, hard form. 

In some cases no tar is used, and the calcined dolomite is fritted 

> slightly to hold it together; in other eases 15 per cent of slag 
IB used as a bond. Pure magnesia gives a more permanent lining 
than dolomite, and is now much used since its longer hfe more 
than compensates for its greater expense. Even when magnesia 
is used for the bottom, the topmost layer, or working bottom, 
and the repairs, or "fettling," put in during the intervals of the 
furnace life, are made of dolomite, because this sets more quickly. 
As the sides and roof even of the basic furnace are made of silica 
bricks, it is customary, although not absolutely necessary, to put 
a layer of neutral material between these bricks and the basic 
hearth, and also to protect this joint from excessive heat. The 
neutral material commoidy used is chromite bricks, which are 
made of ground chrornite (FeO, Cr203), held together with bauxite 
I or such Iwnd as tar and then burned to form a firm, hard mass. 
Repairing Bottoms. — Between the heats, bottoms are repaired 
fc by filhng holes with acid or basic material, as the case may be, 
RjAnd by more extensive attention at the end of the week. In this 
ray the bottom may be made to last almost indefinitely, unless a 
t of the charge works its way down a crevice and forces up 
rhole sections of the bottom lining, which not infrequently hap- 
; Bometimes the charge even works its way out through the 
tottom of the furnace. A sticky or viscous slag is also liable to 
bring the bottom up by sticking to it. In the tilting furnace the 
bottom may bo repau-ed along the point where the worst corrosion 
lally takes place, i.e., at the edge of slag line, even during the 
[Stion, by tipping the furnace until this place is uncovered. 
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Tap Hole. — In the stationary furnace the tap hole, during ' 
the operation, is closed by material rammed into it from the door 
of the furnace. It sets quickly into a solid mass, which is pierced 
with a pointed bar when it is desired to allow the metal to run 
out. After tapping the hole must be entirely freed from metal, 
and then it is madi> up and filled anew, ready for the next opera- 



Tlu. 5.1. — Soaking Pit,, Chromp Brick UHfil i,ii Sijj.ill lin^li 
(indicated by Shaded Bricka). 

tion. This always delays work to some extent, and occa^onally ■ 
the tap hole causes trouble by the charge working through it 
prematurely, or, on the other hand, by its becoming so hard tliat 
a hole is pierced in it only after a long delay and much difficulty, 
during which the oxidation continues in the chaise beyond the 
desired point. In the tilting furnace there is no tap hole, strictly 
speaking, but the opening into the metal spout is closed by loose 
material, which i-s scraped away before the furnace is tipped to 
pour the charge. 
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The Soaking Pit. — This is the name given to the furnace in 
which the steel ingotii are kept hot when they are awaiting their 
turn in the rolling mill. It is a long furnace about 4 feet 6 
inches in width and G feet deep, with regenerative gas firing. 
The foundation of fire bricks on steel rails holds the hearth of 
coke dust. The sides are boshed shghtly at the bottom; the 
boah is sometimps made of chrome brick, often of fire-clay brick. 
The rest of the furnace is of good fire-clay brick. 

The crucible furnace in which the special steels are made by 
smelting mixtures in graphite crucibles is now often made of 
silica blocks or shapes, although first-class fire clay may often 
prove satisfactory. Silica should, however, be used about the 
pot hole. A hearth to hold wix pots is generally three feet long 
and three feet wide at the bottom, tapering up to two feet at 
the top. The hearth is heated by regenerative gas firing and 
provided with covers. 




CHAPTER VII 

REFRACTORIES USED IN THE METALLURGY OF 
COPPER 

Until recently the standard type of roasting furnace in a cop- 
per smeltery was a long horizontal chamber with a fire box at one 
end and a flue for the escape of the gases at the other; the ore 
might be charged through a hole in the roof at the flue end, 
through a number of charging holes in the roof, or through doors 
on the side. The chamber might be stationary or a revolving 
horizontal cylinder. In the former the shape is rectangular; the 
floor, of fire-t'lay bricks is i^t on a foundation of convenient depth, 
made of coke braize, of slag and ashes, or of old brick bats; the 
side walls and roof are often built of second-class fire-clay bricks, 
while the fire box and the hearth or floor, which is near the fire 
or is exposed to high temperatures or corroding attacks, may 
be made of first-class fire-clay, magnesia or other good refractory 
bricks. It is understood that reverberatory roasters alone are being 
discussed. In smelting and refining furnaces such materials as 
silica and magnesia are used. Even in roasting furnaces mag- 
nesia is, under certain conditions, advisable for the whole hearth. 
The average roasting furnace is from 60 to 80 feet long and 
from 14 to 16 feet wide inside. The small oxidizing and drj'-re- 
ducing furnaces m chemical factories are much smaller and vary 
in size from a length of 10 feet and a width of 5 feet and up. The 
particular process demands, always, a certain kind of refractory 
for hearth, walls and roof. Silica is nearly always satisfactory in 
the roof at the temperatures employed in such furnaces. It may 
not, of course, be used when liable to the attack of basic fume, 
dust or slag. 

Mechanical Roasting Furnaces. The revolving horizontal type 
of furnace includes such classes as the Brueckner, the White-Howell 
roasting furnaces and the long driers and calciners of the kind 
familiar to cement makers. The former are generally lined with 
fire-clay brick, while the latter which are now made as long as 
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160 feet and have a diameter of 8 feet are more, often lined with 
silica, bauxite or even magnesia briuk. Tlie lining is generally built 
6 inches thick of bricks, especially made and shaped for the shell of 
the calciner. The Wedge, HerreshofC and McDougall furnaces 
are all modifications of a vessel involving the same general prin- 
ciple of roasting, that is, a series of superimposed hearths. On 
the topmost of these the hot ore is charged, stirred and moved 
in thin layers around the hearth. It then falls either at the 
periphery or center to the next hearths where the stirring and 
oxidizing is continued until the ore is sufficiently desulphurized 
or oxidized. The hearths and tile which sometimes surrountl the 
inner shaft which revolves and carries the rabble are made of 
fire-clay bricks. The walls are either good red or fire clay. The 
6 holes at the periphery through which the ore falls are lined 
with fire-clay brick. Sometimes the lower hearths are of mag- 
nesia. The Wedge furnace is sometimes built completely of 
magnesia. The outside steel shell ia of |-ineh or J-ineh metal 
and provided with suEScicnt working doors. For full descriptio 
the reader is referred to the '"Practice of Copper Smelting" t 
Dr. Peters, pp. 84 to 88. 

The ia^ide lining of 9 inches above tlio jackets is of fire brick, 1 
outside 13j inches of red bricks or of fire bricks. The erucibl^ 
may be lined with magnesia or with fire-clay bricks; the oute 
wall should be of second quality fire bricks. 

Smelting. The roasting furnaces present no such problems as 
those encountered in designing furnaces for smelting. The charge 
in roasting is never in such a condition of fusion that the furnace 
walls are not exposed to the severe attacks, physical and chemical, 
which baths of molten metal, alloys and slags make on linings. It 
is true that material in the process of sintering and fritting will seri- 
ously affect the lining and hearth which it touches. This action is 
more of a physical than of a chemical nature. In the process of 
sintering the ore frits to the brick and forms slags and salts with 
whatever silica and alumina with which it comes in contact. When 
cooling and contracting the sintered ore may thus disrupt the inside 
lining and heartli or, and this is probably more often the case, the 
workman may force the ore from its position and with it some of 
the brickwork. The gases in a roasting furnace may seriously 
attack the roof. Volatilized lead and zinc o-xides may form silicates 
which are fusible in the higher temperatures obtained near the 
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I fire bridge; but, on the whole, the roof of a roasting furnanc lasts 
I very well. 

The amelter in deciding the merits of many issues placed be- 
fore him daily, must consider serioualy the matter of refractories. 
In the first place, if he is constructing a new plant and is weigh- 
ing the relative merits of direct smelting on the one hand and 
of wet concentration, roasting and reverberatory smelting on 
the other, he must know something of the effect of the slag on 
the lining he intends to use, before he may submit, to a board of 
directors, the comparative estimate of costs. Up to the present 
time the reverberatory smelters, almost without exception, have 
used silica in the hearths and roofs of the furnaces, and often use 
fire-clay bricks on the side walls, between the «lag line and the 
spring of the roof arch. The range of materials adapted to smelt- 
ing in reverberatory furnaces has always been limited in the 
smelter's mind by a consideration of the effect of an ore in ques- 
tion on a silica lining. Thus lime is not used in reverberatory 
furnaces because calcium silicate or calcium ferrous silicate may 
form at the expense of the lining. We must have, already in the 
ore, a neutral or acid slag mixture. Even with iron alone, as a 
base, in the slag there must be sufficient silica present to make a 
bialicat^. Even so the silica lining is attacked rather viciously 
by the slag in the effort to satisfy the demand of the ferrous oxide 
for still more silica and must be repaired from time to time 
by the process of "claying" the boshed hearth. There does not 
seem to be sufficient justification for specifying silica linings only 
in present reverberatory practice. Magnesia bricks of first-grade 
quality, made by reputable firms, are burned at a temperature of 
1700" C. which is at least 200° above that obtained in the rever- 
beratory. Calcined magnesite, of a quality which should resist 
effectively all chemical and physical attacks of the reverbexatory 
;e3s, might be employed for fettling and for the floor and 
I boshed sides of the hearth. 

In plants which use Ijoth blast furnaces and revcrberatories the 
1 question of the proper furnace to handle the jig concentrates is 
" BOmetimes raised. It is always settled by the reverberatory foreman 
\ insisting that he must have all, except the coarser first-class, con- 
I centrates. The blast furnace may need iron, the reverberatory 
could do with less, particularly if the difference were replaced by 
I lime. But the reverberatory smelter is fearful of lime, partly be- 
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cause a lime iron slag chills more readily than a straight iron 
silicate, but principally because the addition of any such base is 
a menace to the life of the usual type of lining. The division of 
the iron spoils might be considerably altered if the l inin g of re- 
verberatory were different. Yet in using magnesia the smelter 
must remember that it is a good conductor of heat. It should 
only be used as a lining inside a wall of fire-clay brick. For 
certain purposes, such as cupelling lead-silver bullion, the furnace 
walls are made entirely of magnesia, but in such cases the furnace 
sides are often water cooled iiy jackets. 

The blast furnaces are generally water jacketed from crucible 
to charge floor, or in some cases the top 4 feet of shaft below the 
charging floor, as well as the stack of shaft from the charging floor 
to the down take are of brick, resting on a mantle which is carried on 
cast-iron columns. In the latter ease one series of vertical jackets 
from 7 to 10 feet in height is used. If the jackets are carried to 
the charging floor a series of horizontal jackets superimpose the 
lower vertical tier. In either case the charge cannot attack the 
walls, and the metallurgist makes up the charge without any con- 
sideration of action between side wall and slag. He devotes his 
particular attention to the crucible which ia more often made 
with brick walls inside a steel shell, resting on a hearth of bricks 
laid on a cast-iron bottom plate. 

The crucible should be kept filled, to the slag spout, with matte, 
which has less action on fire-clay bricks than slag. Even when it 
is possible to do this it has been found safer to make the hearth 
walls, both airove and below the junction of matte and slag, of 
magnesia bricks. The hearth may be, and generally is, made of fire- 
clay bricks. In the shaft of the furnace above the jackets the walls 
are, in the smaller class of furnaces, 22| inches thick; the inside 
lining of fire bricks, which is generally 9 inches thick, is included 
in this. The walls of the crucible are generally 9 or 13 inches thick; 
they are made completely of magnesia bricks or of fire-clay bricks. 
The bottom of fire-clay bricks, is 4| inches or 9 inches thick when 
the crucible is built on a bottom plate. In cases when the crucible is 
built from the floor of the smeltery house the foundation may be 
of second-class or ordinary fire brick. If the crucible is large it may 
be foimd advisable to make it 18 inches in thickness, when only the 
inside 9 inches would be of magnesia or fire-clay bricks; the outside 
oourse would be made of a second quality fire bricks. 
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replaced, under the spouts and around the tap holes, by chrome 
bricks. The shell of the settler is of J-inch steel plate. The lining 
does not abut against this shell, but a apace of 12 inches is left 
between and this is filled with a mixture of crushed quartz and 
clay such as is used in converter linings. This so-called "con- 
verter lining" permita the expansion of the chrome brick, which 
IB considerable, namely 0.70 inch per foot, compared to fire-clay 
brick, which is 0.042 inch, and to siUca brick, which is, on an aver- 
age, 0,2 inch when all are heated to a temperature of 1650° C. 
Chrome brick is also a relatively good heat conductor (the modu- 
lus of thermal resistivity is 42 compared to fire-clay brick, 57, to 
silica brick, 120, while with magnesia bricks it is 34, in Ohma' centi- 
meter cubeat 1000° C.*), and the lining takes up and holds the heat 
conducted by the chrome bricks. While magneaia is preferred in 
converter linings, chrome is found to be more satisfactory in 
Bettlers. Yet, it has been generally conceded that both magnesia 
and chrome bricks last better if the outside is cooled, and in Can- 
anea a spray pipe is sometimes used upon the outer shell. In 
almost all cases it is advisable to use water jackets or cooling 
sprays on the shells of all settlers and reverberatory furnaces in 
which the lining is of magnesia or chrome bricks. 

At Anaconda 3 settlers are provided for the large blast furnace 
which is 87 feet by 56 inches at the tuyeres, and 2 each for the 
smaller furnaces. These measure in cross section 51 feet by 56 
inches. These settlers are formed of half-inch steel plates and are 
16 feet in diameter and 5 feet high.t They are lined with 18 inches 
of silica brick, and have a filling of 4 inches of crushed quartz 
between the shell and the brick lining. The bottom is formed 
of 12-inch silica brick laid on end, and is covered with a thick 
layer of crushed quartz. A perforated sprinkler pipe surrounds 
the outside shell, but is used only when the settler is too hot. A 
settler lasts for several years, but requires repairs about every 
three months at the front side, and in the region of the matte 
tapping bole. This repairing takes about 20 minutes to effect, 
and is accomplished by allowing the settler to become nearly full 
of matte, closing the trap spout and then tapping the settler 
clean. Crushed quartz is then tamped in the corroded and worn 
places by means of bars. The two matte tap holes are in massive 



Silver on this scale is 0.24. 

PeteiB, "Practice ot Copper Smelting," p. 273. 
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uncooled cast-iron blocks, 4 inches thick. The temperature in the 
settlers is between 1200 ant! !300''C.; of the matte when tapped 
1240° C, of the slag at the overflow 1290° C. 

The walls of many of the large circular settlers are made 
of fire-clay or silica bricks held inside a atcel sheet. For full 
dimensions and particulars of different hearths the reader is re- 
ferred to "Practice of Copper Smelting," p. 132. 

Reverberatory Furnaces. — The quantities treated in these 
furnaces are large; as much as 275 tons is smelted per day (or 
280 pounds per square foot of hearth area per day) on a hearth 
with a width of 19 {net and length of 1 15 feet heated by coal burned 
in a fire box 8 feet by 16 feet. 
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This roof should be constructed of 15-inch or 20-inch silica arch 
bricks. The whole arch should spring against horizontal I-beams 
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"the bottom. The tie rods are held by nuts which may be loosened 
as the furnace expands on being heated. Sometimes the buck- 
stay is held in the concrete, stone or brick foundation at the 
bottom and tied only across the top. 

In the construction of the hearth the improvements in Ana- 
conda and Cananea are noteworthy. In former practice the bath 
was made of quartz sand; the sides and walla were of fire-clay 
bricks built up straight and vertical from the bottom. The cor- 
roded walls were repaired every 10 days during the campaign of 
the furnace by "claying," i.e., throwing silicious clay from the 
working doors across to the sides of the furnace where the heat 
would make the first layer frit and the succeeding shovels of sand 
in falling would form a bosh toward the bottom. 

This tedious work is eliminated in the newer types by making 
good thick shelving banks of sand on either wall on which the 
stream of skg and matte laps; by keeping a layer of silicious ore 
at the point of contact and by "claying" or "sanding" by means 
of a hopper, which, running above and the whole length of the 
furnace, drops sand through evenly spaced holes ui the roof, to 
the sides of the hearth which have been attacked by the slag. 

In the construction of the new reverberfttories in Anaconda the 
foundation of 2 feet of poured slag is covered with 1 foot of 
carefully laid old fire bricks. This height is the floor level. The 
walls of the furnace are 3 bricks thick, the outer is of red and the 
lining is made of 2 silica bricks. (These are manufactured of pure 
white quartz ground to panas a fe-inch screen, pugged with 2 per 
cent of slaked lime. The brick is formed, pressed, steam dried, 
repressed and burned.) 

These walls wheji 12 inches high step out, increasing the thick- 
ness of the wall up to the slag level or top of skim plate. They 
then decrease by stepping back from the maximum thickness of 
3 feet 10 inches to 2 feet inches. The wall above the hearth 
proper is only one brick thick for the greater part of the length of 
the furnace, the roof is 15 inches thick except over the fire box 
and for 30 feet from the skimming end where it is 20 inches. All 
bricks, except the above-mentioned red bricks, are of silica. These 
are said to expand roughly about 1 per cent m all three directions 
under the normal conditions and temperature of the smelting 
campaign, and thus the mechanics can loosen and tighten the tie 
bars systematically. 
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by cooling somewhat, then is covered with 3 inches of smelter 
material of which a part is oxidized ore. The heat b increased 
again, the bottom is fused, and the regular sulpMde charges started 
and maintained for 2 weeks in order to saturate the hearth with 
matte. A furnace after a campaign of 4 years in which it may 
have smelted 350,000 tons shows a wearing of about 2 inches in 
the bottom so that a normal life may be reckoned as 10 years. 

In Cananea, claying or sanding of the furnace is effected by a 
travelling hopper dropping the sand, which is in reality fine wet 
eilicious ore, through a pipe into holes five inches square, spaced 
at intervals of 18 inches in the roof, on to the boshed sides of the 
hearth-* This ore melts, trickles down the side walls and builds 
a sloping bank against the wall. It is then tamped firmly. 
Except during the daily process of fettling the roof holes are 
closed with fire bricks and fine ore. Ten to fifteen tons of silicious 
ore are used daily in fettling. 

Tap Holes. — The orifice of the tap hole is closed by a fire- 
clay plug. A sharpened iron rod is driven through and kept 
"moving" between taps by gently hitting it with a hammer 
every 5 or 10 minutes. If the tap hole "freezes" the bar is 
knocked out, and the hole chiseled free with hand or air drills. 
When the soft interior is reached the bar is again inserted. 

The two matte tap holes are generally near the bridge; but 
with gas-fired furnaces they are in the middle. The level of the 
tap is retained by means of a tapping plate or slab of converter 
copper 24 inches square and 2J inches thick which is pierced by 
the hole. The slag is removed above the level of the cast iron 
skim plate on which a dam or bay of sand or limestone is built. 
When the slag is ready to run, the top of the dam is broken off 
until it is low enough to allow the slag to pass over. The slag 
eats its way down or the dam is cut until the required amount 
of slag has run out, when the slag hole is dammed up again. 

The use of settlers is not general with reverberatories. They 
may be lined with fire-clay or magnesia bricks. Magnesia has not 
been applied in copper reverlwratories as generally as might have 
been expected. Silica is cheaper and physically stronger, and 
the use of the boshed sand fettling prevents very great corrosion. 
Nevertheless, there can be no doubt that a hearth of .strong 
well-bumed magnesia would in the end be more economical than 
• Peters, Practice ot Copper Smelting, p. 339. 
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any other material. Both brick and mass of magnesia are made 
of such quality now that there is no reason why they should 
not be usett with safety and economy in reverberatory hearths. 

Refractories Used in Converting Copper Matte. — In con- 
verting copper matte the metallurgist wishes to burn, by means 
of the oxygen in the air blast, the sulphur and iron contained in 
the molten copper-iron-sulphide and, by the elimination in a 
similar way of any other impurities which oxidize more readily 
than the copper, to obtain finally an alloy of copper, with precious 
metals and traces of foreign mctaL-i and metalloids, which is known 
aa blister copper. The sulphur in burnuag escapes as SOj; the 
bnrned iron, in the form of ferrous oxide (FeO), must be pven an 
acid companion to slag it. This companion is silica which, until 
quite recently, was provided by the l inin g of the converter. This 
lining was, at one time, made of ground quartzite burned with 
clay in the proportion of 75 per cent of the former to 25 per cent 
of the clay. More recently it has been composed of such mix- 
tures as copper precipitate, concentrates and sand, or silicious 
ore, second-class ore and pond slum, tamped to a thickness of 12 
inches against the shell. Such a mixture consisted approximately 
of: Per rant 

AUDi 10-12 

SiOi 60-70 

Cu 31 

FeO 5 

8 5-8 

The iron silicate, resulting after the combination of the ferrous 
oxide with the acid of the lining, contained approximately: 

Par not 

SiO, 20-35 

Al,a 1-8 

FeO 55-61 

8 1 

Cu 2 

It was natural that the life of the silicious lining could not be 
long, and although the realization of the advantages of a lining 
which would be resistant to the attacks of the feVrous oxide 
and silicate has long possessed metallurgists, efforts made in the ■ 
eighties and nineties to replace the acid by a basic lining were 
frustrated on account of the insufficient knowledge o£ the phys- , 
ical properties of basic materiab. Magnesia was tried in the j 
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linings of the conventional small vessels, and conducted the 
heat away from the bath so rapidly that this chilled while 
the bricks spalled under the strain. Difficulty was experienced 
in feeding the acid companion for the ferrous oxide, whether this 
was done through the tuyeres or by way of thtj mouth of the 
converter. With increased knowledge of the properties of mag- 
nesia brick both the manufacturers and metallurgiata have been 
able to develop the basic-lined converter and to establish its 
supremacy as a cheap producer of copper. The Styrian magnesia, 
which is used generally in American fire-brick factories, when 
thoroughly pugged and tempered, makes a brick which develops 
surprising strength when carefully burned at a temperature of 
1700° C. By the use of large vessels the heat conducted by the 
magnesia is less per pound of bath and per pound of magnesia. 
The bath, therefore, does not chill, neither do the bricks spall. . 
Nevertheless, some of the smelteries, notably Anaconda, have 
achieved considerable success by converting with a magnesia- 
brick lining, in the old-fashioned standard size of barrel con- 
verter. The lining is made 18 inches thick at the tuyeres and 
9 inches in the walls above. The tuyeres remain in place 6 inches 
above the bottom of the hearth, of which the top 9 inches are of 
magnesia bricks or maris. 

Converting in Acid-lined Vessels. — Formerly linings were 
generally made of quartz bonded with plastic clay. In many 
places considerable difficulty has been experienced in obtaining a 
satisfactory homogeneous mixture. The linings in Montana, for 
example, were formerly made from very refractory dry quartz, 
bonded with a much less refractory sticky clay. The consequence 
was that, under the influence of heat, the latter would melt and 
allow the quartz particles to drop off and mix mechanically with 
the slag. Hixon reports that the argillaceous quartzite used at 
Aguas CaUentes behaved differently and gave better results on 
account of its homogeneity. Since that time better results have 
been obtained in Montana by using sticky, clayey ore with re- 
finery scrap and fine slum as a lining. Great Falls converts reg- 
ularly 150 tons of matte in each converter of the pear type, which 
I diameter of the bottom section of 12 feet. These converters 
two sections, the lower 6 feet and the upper 4 feet 
high. The shell is made of /s-inch tank steel. The two sections 
are jointed by bolting their flanges together. The upper section 





Acid-lined Converter. 



held by iron bands around the shell. The liiung is made about 
2| feet thick at the tuyeres and tapers gradually to a thickness 
of only 4 inches at the nose. 

Rolls and Chili mills are employed for crushing the raw ma- 
terials when the lining is made of other materials than ore. One 
part of clay is required for 8 J parts of quartz; the mixture is fed 
to the Chili mills in the proportion of 40 shovels of quartz to 
5 of clay. In winter hot water is used to mix the batch. The 
material is ground until of the consistency of stiff mud and the 
quartz pulverized to pea size. When a converter needs relining 
the nose or the upper half of the converter is removed, by un- 
locking the key bolts, then the bottom is cooled and cleaned of 
The lining is pressed in place by a hydraulic or pnetuuatic 
tamper, the nose is then cleaned and lined by hand. The con- 
verter is then warmed, and the lining baked. The procedure in 
the barrel converters is esaentially the s 

Lining of the Anaconda Converters. — The lining was formerly 
made of pure white quartz crushed to the size of slack t 
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crushers and rolls and afterwards ground in a Chili mill with 
one shovel of fat, sticky clay to 8, 9 or 10 shovels of quartz, ac- 
cording as the clay seemed to vary in plaatic or binding qualities. 
The clay which was employed contained a somewhat large per- 
centage of alkali earths as well as iron, and only so much of it 
was used as was necessary to stick the quartz together when 
moistened and ground in the Chili mill. 

Clay Analtbis Pbtcobi 

SiOi 66.0 

A],0, 18.5 

Fe 3.1 

CaO 2.9 

H,0 8.4 

98.9 

The iron of the matte is oxidized in the course of blowing the 
hot liquid alloy, and combines with the hning to fonn ferrous-sili- 
cate slag. The linings would, therefore, only last a few "blows." 
In 1900 50 tons of matte could be converted in one vessel, with- 
out relining; in 1906 it was possible to convert 150 tons in one 
converter's campaign owing to the improved methods of blowing 
such as resulted from the position of the tuyeres and cross section 
of the' converter, the use of good ore lining instead of barren 
material and an economical use of the converter by blowing heavy 
charges of white metal after the slagging blow. 

Basic-lined converters had been tried ever and anon for many 
years without good results being obtained. The base used was 
burned magnesite, the object in using it being to have a convert- 
ii^ vessel with a permanent lining, the slag-making constituents 
being fed in separately and not coming out of the lining. The 
magnesia conducted away the heat, spalled badly and broke at 
the tuyeres which were in need of constant punching. 

All these difficulties were obviated by working with large ves- 
sels. The proportion of heat then absorbed and trat^mitted by 
the magnesite from the bath was small, the spalling was less 
dangerous and the tuyeres did not freeze up easily. The shell of 
the new basic converter in one instance is 23 feet long and 10 feet 
in diameter; the cross section after the lining is in place is oval, 
measunt^ 6^ feet high, 7\ feet wide and 19J feet long. The 
shell of the sides is J-inch steel plate, the ends only J inch. 
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The shell is open all along at the top and secured by tie bars. 
This permits of the expansion and rising of the lining. It has 32 
Ij-inch cast-iron tuyeres along the side and end, is bound by 3 
heavy flange rings which rim on trunnion wheels, and the main 
opening for exit of gases and charging of ore is at one end. The 
slag hole and copper tap are at different levels. The lining ia lA 
y-inch magnesia bricks; 18-inch bricks are used only at the tu- 
yeres. The bottom filling under the magnesia is of fire-clay bricks, 
13 inches in the middle and 4 inclies at the sides. Magnesia 
bricks are laid in dry magnesia, in a mass of ground magnesia 
and tar or of magnesia and Unseed oil.* 

By the use of the basic lining the old process of relining the 
converters with silica after a certain number of charges has been 
eliminated. The process is slow, but cheap on account of the 
continuous course of the operation. 

Copper-refining Furnaces. — Since the province of the re- 
fining furnace is one of oxidation, it has necessarily the form of a 
rcvcrberatory furnace. The functions of the old-fashioned bhster 
furnace, in which roasted matte ia treated with the object of re- 
covering the copper as metal and of slagging the iron with silica, 
are somewhat different from those of the modern refining furnace 
which either removes, from converter copper, the two or three per 
cent of iron, bismuth, arsenic, and antimony which it may con- 
tain, or else is used for remclting cathodes from the electrolytic 
refinery. In the latter type of the modern refining furnace the 
general effect is more neutral; in the bhster furnace the atmos- 
phere is more actifc'ely oxidizing. Yet, even in the modem refin- 
ing furnace some oxidation is effected by the introduction of air 
through pipes or by poling. The hearth of the old blister furnace 
naturally demanded a bottom and walls of silica. It was found 
first that the fire-clay brick made in the early stages of copper 
smelting (1840 to 1880) did not last as long as sihca which was 
originally used in the form of sand on the bottom and of brick 
on the side walls. The cuprous oxide and tiie copper, which 
dropped to the bottom during the progress of the oxidizing of the 
matte and during the reaction of the cuprous oxide and sulphide, 
entered into combination with the silica, forming cuprous silicate, 
which knit together and agglomerated the surface of the sand 
bottom. The sand was added during the process to slag the fer- 
• Peters, " Practite of Copper Smelting," pp. 516, 518, 519. 
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roua oxide. The silica and ferrous silicate were less vicious in 
their attacks on the silica brick of the bath walls than on fire- 
clay brick, because there were always some bases in the fire-clay 
brick which would attempt to combine with the silica in the free 
or slag form, at the expense of the life of the brick. The silica 
materials were less fusible than the fire-clay bricks. This holds 
true to-day only to a certain degree, for the first-class fire-clay 
bricks now on the market are amply able to withstand the tem- 
perature produced in refining furnaces. They are more safely 
used in matting than in refining furnaces. 

In all processes in which metals are produced the hearth bottom 
must be impervious to the metal. Copper soaks into silica and 
forms cuprous silicate slag on the surface but it does not eat holes 
through the hearth. Fire-clay bricks, by reason of their physical 
defect of expanding but little when fired, do not make a tight 
bottom. The old blister practice was transferred to the modern 
refining furnace and has made good. The hearth bottom (now of 
silica brick} is still held firm by the formation on the surface of 
cuprous silicate; the inverted arch bottom is made preferably 
of this brick on account of its regular and even expansion and 
the silica side walls and roof of silica brick give satisfactory 
results. The use of magnesia is, nevertheless, to be advocated 
for the hearth walls, at least, since in the modem furnace what- 
ever slag may be formed will contain principally oxides of metals 
and metalloids. 

Nothing can illustrate the qualities of the silica linii^ better 
than the experience of Mr. Edwin M. Clark.* Mr. Clark's 
problem was to smelt silicious zinc and copper bearing pyritie 
concentrate. He roasted them in a homemade furnace, 50 feet 
by 14 feet, made of stone and adobes. These adobes are made 
from mud, generally carrjing some alkali, which is pugged and 
moulded by hand and dried for a week in the hot sun of the torrid 
zone. They are then firm and develop some incipient vitrification 
after being used in flue and furnace walls. The roasted ore was 
smelted'in a wood-fired reverberatory furnace with a hearth 7 feet 
by 13 feet and a bath 12 inches deep. The bricks in the whole 
of the roof, in the lining of the walls of the hearth and fire box 
and in the floor of the hciarth were of silica. These were made 
at the fm'nace (in Mexico). Two pots of dry crushed clay were 
* Jtfvn. and Sci. Ptmb, April 23, 19ia 
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mixed with five pots of pulverized quartz, and pugged with suffi- 
cient water to make the mixture of mortar consistency. The 
mass was dried until sufficiently stiff to mould into brick in a 
hand press. These were then dried in the open air and biimed 
in a tciln made of red bricks. The foundation of the hearth was 
built up from the floor with 12 inches of crushed rock and clay 
followed by 6 inches of sand, 4| inches of red brick and 3 inches 
of brasque, composed of clay, charcoal and sand, upon which the 
inverted arch of aihca brick was laid. The outside of the lining of 
the walls was made of red brick. 

Even with this homemade sihca brick the hearth more than 
justified its form and maimer of construction. Any one who has 
worked with fire-clay brick has realized the difficulty of making 
a tight inv^erted arch to hold metal, and the care demanded in 
holding a wide-arched furnace roof made of this material, when it 
has been subjected to high or to changing temperatures. It is 
often advisable to scatter ground quartzite on the silica bottom 
and allow the first copper or cuprous oxide to agglomerate with 
it into a slag which makes the whole bottom tight although it 
does not stop the "wandering" of copper through the silica brick. 
Time will be saved if the bottom be covered with copper scale 
or with partly oxidized copper scrap, produced in wire mills and 
other factories. 

In constructing a modem refining furnace the difference in 
objective must guide the mason or engineer who may be under 
the influence of the giant matting revcrberatory. The refining 
furnace handles relatively small quantities of heavy metal; it is, 
therefore, made with a deep hcjirth of small area. The metal is a 
good conductor of heat, it permeates the bottom, and tends to 
make its escape through pores and small holes as long as it is 
hot enough to run; the hearth is, accordingly, often air-cooled by- 
being built on cast-iron plates, which rest on masonry columns. 
If it Im,' built up solid from the floor it will probably absorb a con- 
siderable quantity of copper before it finishes its life and rob the 
company of its just interest. 

When built on brick pillars, these are capped by steel plates 
on which the cast-iron hearth plates, Ij inches thick, rest. The 
hearth bottom is made of two flat inverted arches, the lower of , 
fire-clay bricks and the upper of silica bricks; each is 9 inches \ 
thick. These arches rest on brasque or, more often, red bricks, 
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except at the center where the fire-clay bricks arch touches the 
plates. The roof is a silica-brick arch, 9 inches or 12 inches thick. 
The wails are generally lined with magnesia up to the slag \nveL 
This linin g may be 9 inches when the total thickness is 18 inches. 
The outside brick is a second-class fire-clay brick. Above the 
magnesia bricka, silica or fire-clay bricks may bo used. The whole 
is held by buckataves (preferably channel irons) and the bars which 
may be controlled by turnbuckles or, more often, screw nuts. The 
size of furnaces varies greatly. Anaconda's anode furnaces are 
26 feet by .14 feet 8 inches clear in longest hearth dimensions but 
the sides narrow to 7 feet at the fire box and to 54 inches at the 
bridge wall. The area of the fire box is 7 feet 6 inches by 5 feet 
6 inches. The height of the roof above the hearth is 6 feet 2J 
inches at the fire bridge to 3 feet 8 inches at the flue bridge. 

The method of setting silica bricks is similar to the practice 
employed in laying magnesia bricks. Wherever possible they are 
laid dry and skin to skin. The inverted arches are "grouted" 
with crushed quartzite, silicious ore or other material, which is 
"sweated" into the hearth bottom before the furnace is charged 
at the beginning of its campaign. Sometimes scrap copper or 
even refinery slag is thrown over the floor and sintered with the 
loose silicious material into a tight covering for the floor. Everj'- 
thing is done with a view to minimize the chances of the hot copper 
metal working its way through the hearth and ultimately making 
a tap hole which will suddenly grow large enough to empty the 
molten bath before this may be plugged. The slag bottom, the 
tight inverted arch which knits more closely together as it expands 
gradually and regularly under the influence of the heat of the 
bath, and the use in many cases of the cooling vault combine to 
prevent the "sickem" or trickle of metal through the hearth. 
Of course the absorption of copper by the silica goes on continually; 
the deeper the hearth bottom and foundation, the more metal 
will be absorbed. It is also true that, while the air-cooled vault 
enables the operator to detect any leakage, it sometimes is more 
of a danger than a safeguard to the life of the furnace. Unless 
there is a continuous flow of air under the vault, and unless the 
floor about it is kept clean of slag and scrap, the vault is liable to 
act as an insulator, and help the copper in its efforts to percolate 
through the hearth bottom. The silica used in the bottom, 
whether to grout the silica bricks, or as mass replacing the bricks, 
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should be as nearly pure as ordinary quartzite. Even some sand- 
stones may not be used since their content in bases is suflSciently 
high to soften the silica at high temperatures. The second im- 
portant essential, however, is that the material should be in the 
form of splinter grain — neither round like sand, nor too fine like 
dust. Quartzites and silicious ores nearly always grind to suffi- 
ciently satisfactory rough splintery and heterogeneous grain to 
make a good bottom. 



CHAPTER VIII 

REFRACTORIES USED IN THE METALLURGY OF LEAD j 

AND SILVER AND IN GENER.'iL METALLURGICAL 

PRACTICE 

It is not so much in the smeltmg of ores as in the refining of 
base bullion and alloys that a particular knowledge of the prop- I 
erties of refractories is demanded of the intelligent operator. 
The temperatures employed in roasting and smelting are not high I 
enough, nor the slags and metal combinations sufficiently corrosive, 
to demand special qualities in refractory materials. In the proc- 
ess of refining, on the other hand, the operator has to deal with 
metallic slags of a type which are particularly difficult, in that , 
they will attack viciously any acid lining, by forming silicates 
with its ingredients, and yet will change their whole character and 
corrode a basic lining by acting in the role of acids. Some of the 
metals accompanjing lead in ores, such as antimony and bismuth, 
are particularly tlifficult to manage. Accordingly metallurgists, I 
smelting antimony or its ores, safeguard the life of their furnace I 
by lining it with chroniite — a neutral and unassailable refractory. I 
Lead itself acts as a base in the oxidized form. On occasions it I 
will become acid and form plumbates with alkaUne earths, hut.M 
these are unstable at high temperatures, so that a magnesia j 
lining, for instance, is but little affected by molten Utharge. ■ 
In the roasting of lead ores similar conditions to those existing! 
in roasting copper ores prevail. The long hand roaster does.i 
not require high temperatures. If the ore is slag-roasted the J 
hearth next to the fire bridge is made of first-class fire-clay J 
bricks. The re-st of the hearth, the roof, wall-s and the fire box i 
are generally built of a second quality fire-clay brick. In kilns 1 
and stalls, old bats may be used with advantage. Brueckner's 1 
and other rotary calciners used in lead smelting are lined to ftl 
depth of 11§ inches with fire-clay brick. 

In the mechanical roasting furnaces, whether equipped wit&^l 
moving hearth, as the Godfrey, or with stationary hearth andl 
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travelling plows or rabbles, such as the Brown, O'Hara, Ropp 
and Pearce, the furnace operation will be retarded and the lin- 
ing destroyed if the charge contains so much lead that it fuses 
and sticks to the hearth bottom. The content of lead, to main- 
tain a dry roast, must be limited to less than 35 per cent. If the 
charge should contain more lead than this, both the linin g mil be 
spared and the progress of roasting aided by the addition of silica 
wliich, even in small quantities, helps to keep the charge dry. 

Smelting. — In the smelting of lead ores, or of dry gold and 
silver ores with lead ore to provide the collecting metal, the slags 
produced are, from a metallurgical point of view, basic. They 
are of the singulosilicate type, with not more than 30 per cent 
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silica present, as a rule, with 60 per cent bases. The latter consist 
of lime and ferrous oxide in proportions of 1 : 2 and 2 : 3, or, in 
rare cases, 1 : 4. The silica, in some instances, is as high as 35 
per cent. The formation temperature of these slags is not particu- 
larly low, but the flowing temjjcrature is essentially so; accord- 
ingly, the hning is neither subjected to high temperatures nor to 
excessive corrosive action. The hning is, indeed, not exposed to 
the attacks of the slag proper, since the 4 feet of the furnace shaft 
directly above the crucible are jacketed by means of a number of 
bosh vertical water jackets, generally of cast iron, 4 feet high and 
18 inches wide; eachhas, directly below the boshed part, an annular 
opening, 3 inches in diameter, to hold a tuyere. The most aggres- 
sive attacks on the lining above the jackets are made by sulphide 
of lead or mixed sulphides which frit against the Uning and break 
it dawn as the column descends. Zinc, in the form of blende, or 
as oxide, resulting from volatilization in the lower parts of the 
furnace, also slags the lining. 

The crucible wears out more quickly than should be expected 
from the temperature and character of the metal in it. Yet it 
is rarely free of lead; and on the surface of the lead there are 
always sulphides, oxysulphides and arsenides of this metal, along 
with speiss and matte. Some of these alloys attack the lining 
quickly, acting both as acids with the bases in fire-clay brick and 
as bases with the acids in the Uning. Since the basic action is 
most active, the lining may not be of acid material. Silica and 
quartzite bricks are out of the question ; highly aluminous fire-clay 
bricks are better, but are excelled by bauxite, magnesia and chrome 
bricks. Magnesia is the most economical in the long run and is 
now used very generally as a lining in the crucible. The smeltery 
at Laurium is fortunate in its situation, near the source of suj)- 
plies of magnesite and chromite, and the management has en- 
joyed first-rate opportunities of testing these refractory materials. 

Its blast furnace is 20 feet high from the top of the crucible to 
the charging flow and 17 feet 6 inches by 4 feet clear at the cru- 
cible. The bottom of the crucible is 2 feet thick above the bot- 
tom furnace plate which rests on a concrete foundation. The 
walls of the crucible are 2 feet 6 inches thick. The floor is an in- 
verted arch. The bottom and walls are lined inside with 6 inches 
of magnesia brick; next to this is a 9-Jiich course of fire brick; 
the outside 11 inches are of brasque. The whole is securely 
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bound by I-beams in a steel shell. This magnesia lining con- 
sists of bricks made from 3 parts of calcined magnesia and 4 parts 
of chromite. This mixture ia ground, tempered, pugged and 
moulded under a high pressure and burned at a temperature of 
1600° C. They are more refractory in that the brick is more 
neutral than straight magnesia and are less inclined to form 
alkaline antimonates, plumbates and other salts with the lead 
and its impurities. 

The siphon, tap and spout are al.so lined with magnesia. The 
cast-iron spout is covered with a full-brick thickness of magnesia. 



Ffo. 66. — Setller with Slag Pot and Kilker Mutte-iapping Car. 

The shaft is supported in the usual way. Four hollow cast^-iron 
columns, 8 inches in diameter, of metal ! inch thick, with capital 
and base carrying a mantle consisting of 3 I-beams bolted to- 
gether, support a plain flangelcss cast-iron plate, on which the 
brickwork is built. Sometimes the I-bearas are replaced by a 
strong brick arch springing from heavy cast-iron skewbacks rest- 
ing on the columns. The shaft walls are often of fire-clay brick 
throughout the thickness of 4 full bricks. More often the inside 
lining of one or two full bricks is of first-class fire-clay bricks while 
the rest is of ordinary red brick. If the gases arc taken away below 
the charging floor, the flue must be lined with 4^ inches of fire-clay 
brick. If the shaft continues above the charging floor, this part 
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' is lined with 9 inches of fire-clay brick, but the downtake need 
not be protected. The aettler is lined with fire-clay bricks, or 
with magnesia bricks to a thickness of 9 inches. Its lining is never 
greatly corroded, because the settler generally becomes " full " or 
" frozen " and is removed after a campaign of 7 to 15 days. 

The liquating hearths in which the lead bullion is sometimes 
separated from its copper content are made of second-class fire- 
clay brick. More care is demanded in making the hearth of the 
softening furnaces in which the drosses are removed, and the tin, 
araenic and antimony separated by oxidation from the bullion. 
These oxides cut very quickly into fire-clay bricks. Formerly this 
was protected by being cooled by means of water jacket-s. Now 
gnesia is used as an inside lining, or the wall, up to the slag 
I line, may be built solidly of it. The floor of the hearth has an 
I upper layer of 9 Inches of magnesia bricks. Jackets are often 
I used and extend from the hearth bottom to the slag line. 

The briclw should be laid in thick-tar and ground-magnesia 
' mortar, which must be kept hot and worked rapidly. , Sometimes 
r the roof may be made of fire-clay brick (highly aluminous), 
, especially in cases where the dross and abstrich may be contami- 
■aated with roof drippings of silicates of lead, bismuth and anti- 
I -Biony, This is the practice when these drosses are resmelted at 
7 the plant. 

If a pure abstrich is desired it is wise to make the roof of mag- 
lesia. On account of the liquidityof the bath it is not ad- 
' missible to lay the njagnesia bricks skin to skin without the use 
of mortar. The magnesia floor of the hearth may in almost all 
cases be replaced by good fire-clay bricks. In this case it is well, 
although not necessary, to insert a buffer layer of chromite bricks 
between the floor and the magnesia sides. The sides are gener- 
ally made 2 or 2j bricks thick. The corrosive slags of the metal 
oxides on the top of the bath will eat the hot magnesia until 
they reach a point where the cooling action of the outside water 
jacket is felt. The lining from this point to the jacket should 
last for years. 

The reverberatory furnaces, used in the process of smeltii^ lead 

ores by the roast and reaction process, and the hearths, used at 

Bleiburg and elsewhere, work at such low temperatures that no 

specially good fire brick is needed. In the construction of both 

' reverberatory and hearth, it is usual to use fire-clay-brick lining 
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inside a red-brick wall. The hearth bottom should be m&di 
impervious to the lead by sweating htharge or clay on it before^ 
the campaign begins. 

The ordinary practice in the metallurgy of argentiferous lead'i 
is to liquate the base bullion, then to soften and desilverize it. ' 
The deailverization may be done by the Parkes or the electrolytic J 
processes. In the former zinc, to the amount of 1.5 per cent of ■ 
the bullion, is added to the metal which has been melt«d in al 
casHron kettle holding 50 tons. These cast-iron kettles have al 
long life, if cast carefully and of good iron. The zinc alloys with 
the silver and the resulting zinc-silver-lead scums obtained on 
cooling the bath are liquated to sejmrate the liquid part of the 



FiG. 67. — Zino DiatiUing Retort {Parkea Process). 

lead from the dry scum. This is now heated in a retort to which A I 
small condenser is attached. The zinc distils over and is recovered j 
in the condenser. The retort is generally of graphite and is hcld'a 
inside a fire-brick box which may be tilted. The heat is sup^l 
plied by gas, oil or coal. The condenser is of fire clay, with t 
tap for the zinc. The lead-silver alloy, remaining behind in thffi 
retort, is cupelled on the hearth; the lead is oxidized and draw 
oflT and the silver, with gold and other precious metals, "blicks* 
in the form of dor€ silver on the hearth. The silver alloy is t 
parted to recover precious metals. 

Cupelling Furnaces and Tests. — Bone ash, marl, cement, cast 
iron, magnesiti' and chromite ha^'e all been used in cupellation. 
The disadvantage of the use of the first three nam(?d is that they 
make the work intermittent. After each run i 
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be torn out and resmelted in the blast furnace to remove the 
lead and silver absorbed. This is expensive since the hearth mass 
is refractory and requires high temperature to decompose it. Cast- 
iron cracks under the strains of heating and cooling but resists 
the action of the oxides fairly well. 

Chromite is not as satisfactory as magnesia which is now almost 
entirely employed, both in the form of bricks and of mass. The 
small test, holding five tons and running a campaign of six months, 
may possibly give way to a large magnesia-lined-reverberatory 
bath furnace. When once the surface of the lead, of the bullion 
charge, is converted by an air blast into a thin layer of oxide, the 
process of feeding pig bullion may be continued regularly and 
continuously from the fire-box end. The pigs of alloy swim 
toward the slag notch, at the far end; their silver is absorbed 
by the bath and a stream of silver-free antimony-oxide slag, tin 
slag and later litharge made by oxidizing the impure base bullion, 
first of all by means of the oxj-gen of the thin scum of litharge 
on the bath, and then by the blast itself, runs continuously over the 
magnesia block-notch. This may be gradually cut down, when 
the bath becomes heavily enriched with silver. The feeding of 
the pigs on to the bath then stops and the bath is concentrated 
by drawing olf as much fitharge as is reasonably silver free. 
rich silver bullion which remains behind should then be tapped] 
and transferred to a smaller tost and cupelled. (See Fig. 68.) 

The German cupelling hearths, made, since the time of Agricola, 
with a movable roof, are circular or oval, with an attached fire box 
of rectangular cross section. In the case of the oval hearth the 
outside dimensions form a rectangle with the brc-ast on the middle 
of the short side farthest from the fire. In the round hearths 
the outside form is generally round. The shell of the hearth 
is of second-class fire-<:lay brick. Thi; foundation of the bottom 
of the hearth is an iron plate upon which a layer of brick was 
set on edge. Ducts are made in various places to permit of the 
escape of gases from the hearth which is tamped by hand, and 
consists of two beds. The lower of these is permanent and is 
made of marl, of marl and clay or of clay and sand. Above this 
the real cupelling hearth is carefully laid with a thickness of from 
6 to 12 inches. It is made of marl and clay, cement or bone ash, 

The American Test has a hearth movable on a bii^y, with 
jackscrews to permit of raising or lowering it. It is relatively smi 
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(abotrt 6 feet by 4 feet over all) aod is m&de of magQesia tamped 
inade the ated shell. Sometimes the bottom is made of mag- 
nesia l^ck; at times both bottom and sides are laid with this 
material instead of with magnesia mass. 

In the metallmgy of antimony the reTerbenitory furnace which 
reduces the oxide to the metal should have bottom, hearth and 
sides of chromite. The roof and ade above the bath level may 
be made of good magnesia. Fire clay sweats in the antimony 
vapors, and the antimony aluminate and silicate falling into the 
bath are liable to make it impure. Silica is somewhat more satis- 
factory but magnesia is the best and in the long run most econom- 
ical for the roof and the upper part of the side walls. Chromite 
cannot be excelled for the hning of the hearth. The foundation 
on which the lx)ttom of chromite rests, and the outside brick of the 
ddes, may be of fire clay. 

The volatilizing shaft furnace in the French process is lined with 
good fire-clay bricks. The pipes through which the antimony ore 
and ground coke arc fed may be made of fire clay or cast iron.* It 
is possible that some of the troubles, incident to treating tin and 
tin ores in the old tj^pe of fire-clay brick-lined reverberatory, may 
disappear with the use of a jacketed magnesia or chrome lining. 

Refractory Materials in Flues, Dust Chambers and Stacks. — 
Flues and du.st shambers are generally framed of structural steel 
built in by walls of brick. In places where wood is inexpensive 
the side stay beams may be replaced by square wooden posts held 
by steel tie bars alxive and firmly imbedded at the bottom. In 
Bmall flues the roof may be made flat, level or inclined, and is then 
carried on a network of .small T-beama. If of large section the 
roof is formed by jack arches sprung between I-beams. The lower 
surface of the steel may remain uncovered in drj- parts of the flue, 
but muHt be covered with an acidproof paint wherever moisture 
is liable to attack it. 

Bricks are most generally used in the walls and roof. Concrete, 
in the form of hollow and solid blocks, and reenforced with expanded 
metal, Motuor network or iron bars, has invariably failed. These 
materials disrupt most rapidly in damp climates, and the gases 
from lead furnaces attack more actively than those from copper 
furnaces. This is due to the fact that the former are cooler and 
deposit more moisture and aqueous acids. If the flue is protected 
• See articles on " Anliniony," Mirwroi Industry, 1907 to 1910. 
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from outside elements by a superimposed wooden shed, it will laat 
much longer, even though it be attacked on the inside by aqueoua 
acids. Steel flues, ellipsoidal and oval, are better than the con- 
crete, but they are found less economical than brick. Flues of 
natural rock have been used to a great extent in past decades and 
still survive in England and Ireland. They arc, without doubt, 
the strongest and most successful of all flues and chamber ma- 
terials, but the masons' and rock cutters' wages are too high in 
America to permit of their general application. 

These freestones were pointed with a mortar of mud, or sand 
and clay. In one plant in Europe the walla of the flue were 
' built only one-half Iirick thick; they were made firm by inter- 
leaving strips of iron running zig-zag from the bottom to the top 
of the wall, folloiving always the jomts, and by strongly buttress- 
ing at regular intervals. The whole of the interior brickwork 
and iron roof was painted with mortar made of hot tar and sand. 
This flue proved very effective in resisting and cooling wet gases 
from lead furnaces. A glazed tile roof proved durable, and heat 
and acid resistant, but could not be made sufficiently air-tight, 
and required a large network of angle iron to hold it. 

Baffle rods and plates may be made of iron and suspended In 
the gases to precipitate the dust and fume contained in the gases. 
These are protected from the attack of the gases by the coating of 
fume or dust which is immediately deposited. The bags through 
which gases are filtered may be made of wool, duck or of asbestic 
cloth. Efforts have been made to make the duck and woolen bags 
fire-proof by treating them with various mixtures of water glass, 
boracic acid, borax, salammoniac and other fire-resisting paints. 
These did not prove of much avail and, at present, operating tem- 
peratures are generally so low at the bag house that such treat- 
ment is not necessary. The asbestos thread bag of Fiechter has 
proved successful and desirable both m industrial factories and in 
metallurgical works. A number of threads, suspended from a ring, 
close together form the bag. This is shaken at regular intervals, 
and the dust which falls below may be automatically discharged 
outside the chamber by a screw conveyor. These bags of Fiechter 
are especially to be recommended in handling hot gases. 

The stacks are made of secoad-class fire clay or good red-brick 
clay in all the larger works and lined with acidproof blocks laid 
in special acid-resisting mortar such as water glass and asbestos. 
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(2) The capacity for absorption of moisture and the permeabil- 
ity of air and gas should be low; the modulus of heat conductivity 
must be as small as possible. Low factors in these three proper- 
ties contribute to the production of ii good draft. 

(3) The materials must be refractory to the highest d^ree 
comparable with moderate cost. They must be resistant to the 
influences both of weather, such as heat and cold, and of chem- 
ical influences such as develop in passing fire and acid gases past 
the ai^illaceous, calcareous or silicious materials composing the 
chimney. Moisture contained in the brick disrupts them when 
freezing; frost will likewise cause sihcious rocks and bricks to 



FlQ. 72, — Bricks ueed in the Stack of the Groat Falls Smelttry. 



crack owing principally to the granules of contained clay which 
have a capacity for absorption different from silica. 

Chemical influences include the hydration and superoxidation, 
of constituents, oxidation of the iron and its oxides in the material 
by means of air and carbon dioxide, and by the action of CO when 
carbon is deposited. Acid gases attack all unprotected chimney 
materials and are especially severe on concrete. 

(4) The material, brick or stone, should have a certain degree 
of tenacity, 

(5) Natural rocks should not be used above the foundations 
and pedestal of the stack. Granite, basalt and sandstone may 
be used in the foundations. The rest of the stack shouhf lie 
of red bricks, clinker, vitrified bricks, fire bricks and refractory 
bricks. 
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The ordinary red bricks made from loam and sand should not 
absorb more than 16 per cent of their weight of water, should have 
a sharp cleavage and ring when struck. Since these bricks are 
generally very porous they are not well suited to the chimney 
itself. 

The clinker bricks are burned well and at a higher temperature 
than the red bricks. They vitrify on burning, aro harder and 
inore durable and have a smaller absorption capacity than the 
red bricks. 

The radial chimney bricks proper should be made from a fat, 
arenaceous clay. Sometimes they are made hollow but these are 
seldom as satisfactory as the solid bricks; the lower first cost and 
small expense incurred in transportation are in their favor. 

The outside of chimneys may be of face bricks. The denser or 
less porous these are, the less heat they will conduct and the 
better they will answer their purpose. 

Concrete is often imsatisfactory and disrupts under the in- 
fluence of fire or hot acid gases and should be used with circum- 
spection. A second-grade fire-clay brick may be almost generally 
used in all factory chimneys provided it is of a kind to fill the 
requirements considered above. 

The joints should not be made more than J inch thick. The 
mortars are made of water with sand and clay (mud), or with 
lime and sand; with lime, sand and mud, with cement, sand and 
plastic fire clay which often has admixed grog. Particular atten- 
tion should be paid to the water used; it should be pure and free 
from mineral and alkali salts. The quantity of water varies from 
8 to 22 per cent in weight of the sum of the materials used in the 
mortar. The sand should be sharp and if possible crystalline and 
with grains of heterogeneous form and size. The lime obtained by 
slaking the burned limestone is named either fat or lean accord- 
ing to the quantity of silica it contains. The lime mortars con- 
tain the ratio of lime to sand as 1 : 2 or 1 : 3 or 1 : 4. The water 
added should make the mixture pasty. Lime mortar is porous, 
heat conducting and permeable to water and gases. It contracts 
on heating and is not at all adapted to any structures exposed to 
a a small degree of heat. 

The cement mortar is made in the proportions of 1 cement 
to 2 or 3 of sand. Neither this nor lime-cement-sand mortar ia 
reostant to acid or fire gases. 
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The moat satisfactory bonds arc the loam or mud and sand, and 
the fire-clay mortar made of ground chamotte and plastic clay, 
which is thoroughly pugged with water. 

The Action of Gases Containing Carbon Monoxide on Brick. — 
Carbon monoxide splits up into C and COj (2 CO — C -{r COi) 
in the presence of free iron or free metals of the iron group. Car- 
bon monoxide oxidizes iron indirectly. The iron causes deposition 
of carbon and formation of COj which oxidizes iron to FeO. This 
reaction proceeds until complete equiUbrium between all five sub- 
stances is obtained, which can only occur for a single partial pres- 
sure of each of the two gases and a single total pressure on both 
gases. If the partial pressures of CO and COa in the furnace, 
taken together, are greater than this single critical pressure, then ■ 
oxidation of the iron can take place with deposition of carbon; 
if the pressures are less, carbon can l>e deposited but no iron 
oxidized. 

The value of this critical equilibrium pressure varies only with 
the temperature, which is as follows: 



At 500° C 


.... 15 ram- 


At700°C 


... 305 


560° C 


.... 35 mm. 


760° C 


... 533 


600° C 


.... 70 mm. 


800°C 


,,, 800 


650° C 


.... 145 mm. 







The partial pressures of CO and COj, being seldom less than 
250 mm., reduction may take place down to 690° C* 

Fireproof Wood.^A process for making timber fireproof con- 
sists in subjecting carefully selected timber to saturation, evapora- 
tion, impregnation with chemical salts and drying. The timber 
is first steeped in water and thoroughly saturated to rid it of sap 
and fermenting substance; this absorbed water is then driven out 
by drying. The wood is then placed in cylinders and treated with 
sulphates and phosphates of ammonia and other mixtures, the 
composition of which is controlled by patents. These solutions 
are forced in under a pressure of 80 to 120 pounds to the square 
inch, the pressure used depending on the kind of timber and the 
character of the grain. The quantity of solution absorbed a 
generally equal to the weight of the timber. 

It is then dried in kilns. The solution should permeate the 

• EhciriKkem. and Mel. Industry, December, 1905, p. 475. 
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whole body of the timber and not only the outside of the joists, 
planks and posts. 

Wood has been used in the construction of chambers and flues 
built at some distance from the furnace. Such a structure was 
built and operated with fair success at the smeltery at Call in the 
Eiffel, Germany. The wood was not prepared to resist fire in 
any way and was ultimately destroyed. 



CHAPTER IX 

THE REFRACTORIES USED IN THE CHEMICAL AND 
ELECTRO-METALLURGICAL INDUSTRIES 

The development of the chemical and metallurgical industries 
is due in no small measure to the help and the cooperation of 
manufacturers of acid-resisting and high-temperature-proof ware. 
Yet but few absolutely new materials have been offered to these 
industries; the standard refractories have, rather, been adapted 
to serve the new purposes and to meet the new developments. 
These refractory materials may be divided into (1) the clay re- 
fractories, such as porcelain and aeidproof brick, tile and pottery; 
(2) the silica refractories, such as quartz and quartzose mat-erials, 
glass, etc.; (3) the alumina-silica refractories, such as alundum; 
(4) the neutral refractories, as carborundum, crystolon and siloxi- 
eon; and (5) the basic refractories, as liine, magnesia, etc. 

Porcelain. — Porcelain is tho translucent product of burning 
kaolin with feldspar and quartz at such a high temperature that 
it vitrifies homogeneously, producii^ a spini-transparent slag of 
alumina silicate. The kaolin lends itself to delicate throwing, 
moulding and decoration, hence the shapes produced by the por- 
celain works of Dresden and Sevres and the earlier products of 
Chinese craft are especially beautiful among clay products. The 
vitrified or highly burned kaolin in the form of capsules, retorts, 
etc., is almost completely aeidproof and in the form of the smaller 
vessels, at least, is also fire and heat resisting. Hard porcelain i3 
most generally known in its glazed form. The glaze is a lead-free 
salt which runs only at a high temperature. 

Soft porcelain is made from a kaolin which may contain small 
quantities of bases. This fuses at a lower temperature than that 
at which the hard porcelain is burned. It is a much inferior ware 
and may be decorated for some purpose with a lead-bearing glaze. 
It is the hard porcelain par excellence which is really acid resisting. 
It is familiar to chemists in the form of capsules and small crucibles 
with the mark of Dresden or Berlin. Soft porcelain and eartbeu- 
184 
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ware is often used as acid-resisting ware. It is, however, in 
reality the glaze which is acidproof. This increases the power of 
resistance to acids of the groundware because it malies it less per- 
vious. However, the ware is, as a rule, required to stand greater 
physical than chemical strain, and should, above all, resist high 
. and sudden changes of temperature. The temperature of sinter- 
ing or vitrification should be considerably below that of melting 
or softening; the contraction in drying and burning should be 
small and the clay or material used should be sufficiently plastic. 
It b almost invariably necessary to use some ground bats or 
broken vessels as grog with the fresh clay to decrease the shrinkage. 
In the preparation of ordinary acidproof earthenware it is often 
advisable to add some mineral or salt to the clay to reduce its 
temperature of sintering or vitrification. Feldspar is generally 
added, but in mast cases it is not necessary or even advisable to 
maintain a white body so that some mineral containing consider- 
able feldspar may lie used, such as phonolite or porphyry. The 
quantity and character of the added salts vary. In the case of 
large vessels we aim to obtain a mass with a low coefficient of 
contraction; in the preparation of small vessels the material must 
be fairly plastic and tho mixture made to obtain such a result. 

The composition of the glazes varies greatly. Sometimes the 
feldspar i.s absolutely replaced by lime, when we obtain a clear 
glaze; when the lime is replaced by feldspar the glaze may be 
milky. 

The latest products of the chemical-supply manufacturers in- 
clude the acidproof corundum articles made from ground and 
cleaned corundum and clay. One recipe * calls for 84 parts 
ground conmdum, 37 parts of clay and 9 parts of corundum dust. 
The resulting product shows almost no shrinkage on burning 
and is most refractory to change of temperature and the tax of 
acid. 

Acidproof Brick. — By acidproof or acid-resisting bricks we 
mean those which are used in the chemical industry under such 
conditions that they must resist attacks of acids, such as hot sul- 
phuric acid in Glover and Gay-Lussac towers. The selection of 
the material for such bricks and tile is limited. It must bum 
dense and contain little of such chemical constituents as the oxides 
of iron and lime. In order to obtain these requirements it is usual 
• Kerl, Handbwh der gemmviten ThonwaarcninduMrie, p. 1320. 
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to add from 5 to 10 per cent of feldspar to the clay selected, pro- 
ducing a mixture similar to that used in making hacd porcelain 
which contains from 40 to 50 per cent of clay, 25 to 30 pet cent 
of quartz and 25 to 30 per cent of feldspar. This mixture bums 
dense at a temperature considerably below ita melting point. It is 
seldom that we find clays of the required composition. Since the 
color of the resulting brick is of little consequence we may add to 
the original clay such additions of feldspathic minerals as porphyry 
or phonolite in order to produce the sintering and dense burning 
at a low temperature. A brick of the following composition gave 
good results: silica 72.11, alumina 20.58, ferric oxide 5.48, lime 
0.92, magnesia 0.54. It is advisable for certain purposes to glaze 
the brick with one of the readily-fusible lead-free glazes; such a 
glaze, invented by Seger, is of the following composition: feldspar 

42.1 per cent, marble 17.7 per cent, kaolin 13.0 per cent, sand 

27.2 per cent and corresponds to the formula 



I 



J 0.3 KsO j 
0.7 CaO ! 



0.5 AI2O34 SiOi, 



the constituents of Seger cone 4 which melts at 1210° C. 

Messrs. Seger and Cramer, in examining bricks and tile which 
are determined for acid-resisting purposes, pursue the following 
method : 

The sample of brick or tile is crushed, in order to have aa large 
a surface as possible, and exposed to the action of acid. Grain 
which passes a 20-mesh, but not a 23-me3h, sieve is selected for 
the test. The grain is washed and dried. Then 100 grains are 
placed in a platinum dish and covered with an acid mixture con- 
sisting of 10 per cent nitric acid {specific gravity 1.4), 25 per cent 
concentrated sulphuric acid and 65 per cent water. The mass is 
heated to boiling and kept at that temperature until the water 
and nitric acid are volatilized and the sulphuric acid fumes. The 
whole is now cooled and then reheated to boiling point with water 
and nitric acid. The supernatant liquor is now decanted, and the 
mass washed with water until no traces of acid remain. It is then 
dried and weighed and the loss calculated. Good material loses 
only 1 to 3 per cent. 

The figures from such determinations are to be regarded as 
relatively correct only, since almost all clays and glasses are 
slightly soluble in acids. 
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Mortars for Acidproof Bricke. — Should the bricks not be 
laid loose on one another, as in the Glover tower, but require mor- 
tar, a mixture made by melting asphalt or infusorial earth with 
paraffin is satisfactory. 

Muller * recommends a cement consisting of carborundum, sand 
and magnesium oxycliloride. The H. \V. Johns-Manville Com- 
pany malies an asbestos mortar and cement especially for pointing 
acidproof briclis and jointing acidproof ware. The composition 
is not published, but it is probably a mixture of magnesia and 
asbestos, with possibly some such bonding agent as sodium sili- 
cate. 

Quartz and Silica. — The silicious refractories used in the chemi- 
cal industries do not strictly include silica brick which consists of 
ground sandstone or quartz ite twnded with 2 per cent of lime, 
and contain about 2 per cent of other bases and is, accordingly, 
vulnerable to the attack of acid. As far as resistance to high 
temperature only is concerned these briclcs are satisfactory. They 
are desirable in furnace operations on account of their even modu- 
lus of expansion and their ability to withstand changes of tem- 
perature as well as the attack of acid gases and slags. The chief 
silicious refractory of importance to the chemist is quartz in the 
form of fused silica ware, and of cut and worked rock crystal. 
Mr. A, E, Marshall, in a paper read before the New York section 
of the American Chemical Society, has described the properties 
of electrically-fused silica. This material, made by the Thermal 
Syndicate, is replacing the gruund-quartz or rock-crystal articles, 
which, while tran-nparent and attractive to the eye, are much too 
expensive to be used on a large scale. Furthermore, it is ahnost 
impossible to manufacture articles of such large dimensions from 
rook crystal as are now produced from fused silica. 

Fused Silica Ware.f — The production of fused silica ap- 
paratus in sizes suitable for manufacturing operations was made 
possible by the Thermal Syndicate's electric-furnace process, 
which was patented in 1904. Prior to that date small transparent 
articles had been made by various experimental workers from 
rock crystal. 

• Thonindmlris Zeiiung, 1905, p. 69. 

t A paper read before the New York Section of the Americun Chemical 
Society on March 8, 1912, and publighed in Metallurgical and Chemical Engi- 
neering, April, 1912. 
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during fusion, but only attains a plastic consistency, with the re- 
sult that the small air bubbles disseminated through it are un- 
able to rise to the surface. 

The small ware intended for laboratory purposes is subjected 
to a special process which increases the transparency and gives 
the material a highly glazed surface. The glaze la of the same 
composition as the ware; that is to say, it is pure silica and is 
not added alkaline glaze. The application of the glazing process 
is at present limited to ware not exceeding 6 inches in diameter. 

Fused silica possesses qualities which render it of great value 
in the allied chemical industries, such as its property of resistance 



to heat and to acids. It is highly refractory, the melting point 
(which is not well defined) being between 1700° C. and 1800° C. 
The material softens appreciably at lower temperatures (about 
1500° C), but does not readily lose its shape. 

A characteristic of fused silica which is sometimes overlooked 
is its tendency to devitrify or to pass from the vitreous to the 
crystaUine state, if it be continuously heated above 1200° C. 
This, of course, does not prevent the use of the material for 
intermittent work at temperatures considerably greater than 
1200° C. 

The ware is unaffected by acids, with the exception of hydro- 
fluoric and phosphoric acids. In the latter case the action becomes 
pronounced at 400° C, Most alkalies attack it very slowly. 
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The electrical insulating value of fused silica is high, and the 
resistivity decreases very slowly with a rise in temperature. 

There are also various types of electrical heaters or radiators in 
use in England and in Continental Europe, consisting of a heating 
element of nonoxidizable wire enclosed in thin walled tubes of 
fused silica. 

In the chemical industry, fused silica has found application, 
in the construction of sulphuric, nitric and hydrochloric acid 
plants. Certain operations, such as the concentration or distil- 
lation of sulphuric acid, have always presented difficulties to the 
manufacturer by reason of the failure of the material from which 
the plant has been built. In some cases costly vessels of platinum 
or platinum -iridium have been used to overcome the difficulties. 

Fused silica has been adopted for these two operations, some 
forty basin-type concentrators being in daily use in England. 
The silica basins are invariably exposed directly to the fire gases. 

In the case of uitric and hydrochloric acids fused silica pipes 
have been extensively applied in place of earthenware. The 
pipes are made in the usual shapes with either socket or tapered 
joint*). Considerable care is necessary in making the joints, 
owing to ordinary jointing materials and cements having co- 
efficients of expansion considerably greater than silica. The best 
form of joint is one relying on asbestos for the main portion of 
the joint, the outside only lieing finished with cement. 

Italian asbestos must always be used, as the Canadian variety 
swells considerably when brought in contact with strong acids. 

A large variety of special shapes of apparatus, such as coils, 
tanks, retorts, crucibles, etc., are made for various branches of 
the chemical industry where either resistance to acids or heat or 
a combination of these properties is desired. 

It is interesting to note that ware of an ornamental char- 
acter, such as finger Ijowls, fruit plates, etc., having a highly 
lustrous surface, can be made by the same process as the chemical 
ware. The luster is due to the reflection of light from the surfaces 
of highly distended air bubbles, and it is, therefore, untarnishablc. 

Glass. — Ordinary glass is in no sense refractory to heat, but it 
is resistant to acid attacks. In the transition from glass to por- 
celain, we obtain products which are somewhat less fusible, such 
as cryolite glass, consisting of silica, cryolite and zinc oxide; this 
is known as hot-cast porcelain. One cryolite glass was made from 
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the following charge: 67.19 per cent silica, 23,84 per cent cryolite 
and 8,97 per cent zinc oxide. 

The chemical glassware, which is made to withstand medium 
temperatures, and which is subjected to frequent and somewhat 
Hudden changes of temperature, consists of charges of two or 
three kinds of glass of known coefficients of expansion, which are 
melted together with the object of obtaining a glass product which 
is resistant on the exterior to the influences of changes in tempera- 
ture. This is done by cooUng the glass rapidly in the air, when 
the outside of the glass body is in compression, and the much more 
slowly cooling interior is in tension, or a melt of glass mixture of 
low expansion coefficient may be poured about the original glass. 

The Alumina-Silica Refractories. — These are differentiated 
from the fire-clay and clay refractories in that they contain a 
surplus rather of alumina than of silica. Among these are: 
(1) alundum, (2) bauxite, (3) alusil, of which the first is of im- 
portance to the electro-metallurgist. 

Alundum is made by fusing the mineral bauxite in the electric 
furnace, when it becomes practically pure alumina, crushing the 
furnace ingots (each of which weighs 3 tons) to grain of various 
sizes, bonding with small quantities of suitable materials, such as 
bauxite or fire clay, which will not lower the resistivity of the 
alundum to the influences under which each different kind of vessel 
b used, shaping the vessel and burning at a high temperature. 

The alundum articles of special interest to the industry include 
electric- furnace cores, tubes for high-temperature electric-furnace . / 
work, muffles, crucibles, combustion boats and alundum filters. 
The ware is porous and vessels may be used for rapid and thorough 
filtration of liquids, both basic and acid, from precipitates. In 
addition to the solid ware, alundum ia used in the form of a dry 
powder, which, when mixed with water and made into a thick 
paste, may be used as a cement. On burning this cement a body 
results which is as refractory as the alundum ware. The Norton 
Company advertise the physical properties of alundum in the 
foUowing description of its qualities. 

"The melting point of alundum is approxiniately 2100° C. (3800° F.) 
and that of the bonded refractory articles slightly below this, depending 
on the kind of bonding materials used to obtain the properties desired. 

"Alundum crucibles have been used over and over without injury for 
melting pure platinum. 
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"The thermal conductivity of the bonded pieces is very high compared 
with other refractory materials ordioarily employed, being 2,1 tunes that 
of ordinary fire Ijrick and 1.6 times that of chemical porcelain. Tliia 
material, therefore, is highly efficient for furnaces, muEQes, etc., where 
the heat is applied from the outside. 

"The electrical conductivity of alundum ia low up to temperaturea 
near its melting point, and it can be used for electrical insulation for low- 
tension work. 

"Alundum is resistant to the action of most chemicals. 

"Having a comparatively low thermal coefficient (7.1 X 10"^ it is not 
aEfected greatly by changes in temperature. 

"The mechanical strength of aluiidum refractories can be varied to 
meet conditions, the maximum being a cniahing strength of 15,410 
pounds, or 7) tons per square inch, and a tensile strength of 1700 pounds 
per square inch. The mechanical strength is dependent on the thermal 
conductivity, coefficient of expansion and other properties desired. 

"The porosity of alundum refractories can be varied, but it is not 
possible to make absolutely non-pOFOus bodies of this material without 
sacrificing its refractory qualities. 

"The specific gravity of alundum is 3.91." 

Besides the white and pure material, a brown alundum is aJso 
m&rketed; this melts at a ttimperature 50° C, below the melting 
point of purer materials, viz., at about 2000° C. The linear co- 
efficient of expansion of a white variety is 78 X 10"' as compared 
with 85 X 10"' of the brown product. The Norton Company has 
developed preparation of crucibles, muffles, tubes, etc., and now 
manufactures such apparatus as thermocouple tubes. These have 
a higher modulus of heat conductivity and are more refractory 
than any of the porcelain or fire-clay tubes. They have also, ac- 
cordingly, the property of eliminating to a great extent the lag in 
the temperature indications which results sometimes in pyrometric 
work, in which the changes of temperature are such that the conduc- 
tivity of the pyrometer tube becomes a factor to be considered. Mr. 
L. E. Saund^H had discussed the properties of alundum in a paper 
read before the American Electrochemical Society.* Alundum 
bricks have also been tested by Messrs, FitzGerald and Bennie t 
from whose paper the following description of the properties of this 
material is taken. 

'.'•_ TranHactions of the American Electrochemical Society, Vol. 19 (1911), 
p.333. 

t MetoltuTfficat and Chemicai Engineering, March, 1912. 
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"In the Norton Company's experimental department a furnace roof 
was made of aJundum bricks and the remarkably high temperature these 
would stand, without giving way, demonstrated their usefulneas beyond 
doubt. The temperatures used in the experiments were ho high that a roof 
built of silica bricks was destroyed in 5 or 6 hours, while 40 or 50 heats at 
similax temperatures with the alundum roof failed to make it useless. On 
the other Land, experiments with roofs built of alundum bricka in a steel 
furnace did not give results which came up to expectations, although the 
temperatures were by no means so high as in the furnace referred to above. 

"The problem of constructing a good roof for a steel furnace of the 
sinface arc type has been the subject of careful study of the FitzGcrald 
and Bennic laboratories in conjunction with the research department of 
the Norton Company. Alundum bricka made up in various ways have 
been tested in a small single-pliase, two-arc steel furnace. These ex- 
periments have clearly shown that while alundum bricks will successfully 
resist the temperature of the electric steel-furnace roof there are diffi- 
culties in the way of using them for that specific purpose. The bricks 
when used in the steel-furnace roof showed a tendency to break off in 
layers and careful analyses soon showed that tliis was due to the action 
of the lime vapors rising from the intensely heated basic slag used in the 
furnace. The action in fact was altogether analogous to that pointed 
out by Hansen in his discussion of Saunder'a paper, showing that in the 
steel furnace the stalactites which formed on the roof contained a rela- 
tively large percentage of hme and magnesia. The hme and magnesia 
vapors at high temperatures react with the alundum brick and thus 
shorten the life of the roof. The final conclusion reached, as a result of 
the study, was that while alundum bricks could be made which would 
certainly outlast silica bricks when used as a furnace roof, the increased 
life was not sufficiently great to warrant the extra cost of the special 
refractory in this particular case," 

The Carbon-SilicDii Refractories. — These include carborun- 
dum, the name given to the pure crj'stalline carbide of silicon, and 
siloxicon, or the more or less oxidized amorphous carbonmdum to 
which the formula C,StOy, has been given. These two t«rms of 
the carborundum company represent respectively the crystalline 
and amorphous crystolon of the Norton Company. The amor- 
phous crystolon is sometimes known as carborundum fire sand. 

Messrs. FitzGerald and Bennie have published the results of 
some of their experiments with these refractories.* 

Carborundum. "Carborundum fire sand," as u lining in various 
fonns of resistance furnaces, gives good results. For example, 
.* Melfdlurgieal and Chemical Engineering, Vol. X, No. 3. 
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when it is desired to heat crucibles by embedding them in a re- 
sistor composed of granular carbon, trouble is often experienced 
at high temperatures by the melting of the fire brick forming the 
sides of the trough containing the resistor. If now the brick 
trough is made a little wider and then lined with amorphous siUcon 
carbide to a thickness of 1 inch no trouble at all is experienced. 

In many fuel-fired furnaces this refractory also gives excellent 
service in the form of bricks or linings, or even as a wash apphed 
to the fire-brick walls. It can be usefully applied in making 
repairs to furnaces and as a cement for setting up fire brick. 

When the amorphous substance is heated to excessively high 
temperatures it becomes somewhat plastic and eventually in a 
reducing atmosphere is converted into the crystalline variety of 
silicon carbide. The fact that it becomes somewhat plastic at 
very high temperatures makes it possible, in special cases, to use 
it as a lining, etc., without any binding agent whatsoever. 

Amorphous silicon carbide is not a good heat insulator. Its 
heat conductivity while not very high is, nevertheless, distinctly 
greater than that of ordinary fire-brick structures. 

Crysiohn. Formed at a higher temperature than the amorphous 
iorm, crystalline siUcon carbide, or "crystolon," is a still better re- 
fractory material for many purposes. Under ordinary conditions 
it is infusible, but when heated to a high temperature in a reduc- 
ing or neutral atmosphere it is decomposed, the silicon vaxxjrizii^ 
and the carbon remaining behind as graphite. If heated to a suf- 
ficiently high temperature in a strongly oxidizing atmosphere, slow 
oxidation occurs, the carbon burning to carbon monoxide and 
the silicon forming silica. The latter appears to form a protective i 
coating which prevents further oxidation, or at least prevents it 
from proceeding rapidly. 

Experiments have been carried out in the Norton Company's 
Research Department on various articles made of crystolon graina ( 
or powders mixed with suitable buiding agents, and so far the 
results obtained arc found to be highly satisfactory; but more J 
time and work have been expended on the study of crystolon I 
made into various forms without the use of any binding agent. 
These articles are made according to a method patented by i 
FitzGerald. Sihcon carbide in the form of grains or powder is 1 
mixed with some temporary binder, such as a solution of glue or I 
dextrine, the mixture moulded in the desired form and th^n heated I 



REFRACTORIES USED IN THE INDUSTRIES 195 

in an electric furnace to the temperature at which silicon carbide 
is formed. Thia causes a crystallization or re crystallization of the 
silicon carbide and a strong, verj' refractory article is obtained. 
These are known as "pure crystolon" bricks or tubes, in order to 
distinguish them from bonded crj'stolon articles. 

Most of the experiments which have been made with pure 
crystolon have been with bricks made of that material. As was 
already pointed out the bricks are infusible under ordinary con- 
ditions. The coefficient of expansion by heat is small, much less 
than that of silica for example. The heat conductivity is higher 
than that of alundum. This is well shown in Fig. 75, where 





















ax 










t 


/ 


[v 


"3 








/ 


/ 


'A 












/ 


^. 


/> 








zoo 


^ 


^ 


y 


V 


^ 


•y 










^ 


















S. 






» \ 




w 


H 






« 


BOO 



Fig. 75. — Comparative Heal Conducliviliea 
(1) Crystolon, (2) Alundum, (3) Silica. 



curves are given which illustrate the relative capacity for trans- 
mitting heat of silica, alundum and pure crystolon bricks. 

The method of obtaining tliu <lata from which the curves were 
plotted was to build a small furnace of the bricks under test and to 
place therein a resistor through which a measured current could be 
passed. Through a small hole in the wall of the furnace a thermo- 
couple was passed ao that the temperature of the interior could be 
measured. The furnace was then heated with a definite current 
and when the temperature was constant both it and the watts 
were not«d. This gave the amount of energy passing through 
the walls of the furnace for the particular internal temperature. 
In the curves the abscissa are temperatures in the furnace and 
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the ordinates are watts, giving in that unit the rate at which heat 
is flowing through the walla. Curve 1 ia for the pure crystolon 
brick, curve 2 the alundum bricks and curve 3 a silica brick. It 
is very clear that the capacity of the crystolon brick for trans- 
mitting heat is very great compared to other refractories. Thua 
when the temperature in the furnace is 435° C. the crystolon brick 
transmits 79 per cent more heat than the alundum brick and 117 
per cent more than the quartz. The crystolon brick is, therefore, 
a very efficient refractory where it is desired to transmit heat, 
but, on the other hand, where good heat insulation is necessary 
it is important to back up the crystolon with a suitable heat 
insulator. 

There have not been any thoroughly satisfactory quantitative 
experiments made on a large scale to study the efficiency of crysto- 
lon as a transmitter of heat, but two tests may be mentioned 
which give some indications on this point. A furnace having a 
capacity of 75 to 100 kw. was constructed, in which the resistor 
heated the reaction chamber by radiation. Between the resistor 
and the reaction chamber was a s<!ptura built of crystolon tile 
1 inch thick. Temperature determinations made with a thermo- 
couple on both sides of the septum showed a very small difference 
in temperature when the furnace was at high temperatures. In 
this relation the form of curve 1 in the figure should be noted, as 
this indicates that the heat conductivity increases in marked 
degree with increased temperature. 

The other experiment was a comparative one made with two 
pyrometer tubes, one made of a refractory clay and the other of 
graphite and crystolon. The dimensions of the tubes were iden- 
tical, but the special tube was built up of two tubes, the inner one 
being of graphite and the outer one of crystolon. The experiment 
was made by introducing the cold tubes into the furnace, the tem- 
perature of which was kept constant, and then noting the time 
taken for the pyrometer to come to a constant reading. In the 
case of the clay tube the time was 38 minutes, while the graphite- 
crystolon tube reached a constant temperature in 15 minutes. 
It was, moreover, observed that the clay tube ^ve a pjTometer 
reading 10° C. lower than the other. 

The most important study that has been made of the use of 
piu-e crystolon is in the building of the roofs of electric furnaces. 
The experiments have been made both in the FitzGerald and 
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Bennie laboratories, where the crystolon bricks were manufactured, 
aad also in other works. The laboratory furnace was a email one 
having a capacity for about 500 to 600 pounds of steel, but it was 
possible to use a current of 150 kw. Moreover, in constructing 
the furnace the hearth was built very high so that in some cases 
the surface of the bath was only 8 inches from the roof of the fur- 
nace. This, of course, made the test a very severe one. 

Certain characteristics of pure crystolon make it necessary to 
construct the roof of the furnace in a special way. In the first 
place the high heat-conductivity of pure crystolon would cause 
serious losses from a roof built in the ordinary way. This was 
clearly demonstrated by building a roof of pure crystolon brick, 
9 by 45 by 2^ inches, with the bricks placed so that their longest 
dimensions were vertical. When the furnace was worked on steel 
in this way it was impossible to heat it properly on account of the 
rapid flow of heat through the roof. After that the roof was built 
in two courses, the lower one consisting of crystolon bricks laid so 
as to form a roof 4| inches thick, and the second course consisting 
of fire brick also 4§ inches thick. This was found to be a per- 
fectly satisfactory arrangement. It has also the advantage that 
the number of crystolon bricks required to form & roof is reduced 
one-half in this manner. 

The other characteristic of crystolon which makes a special 
construction necessary is its electrical conductivity at high tem- 
perature. This phenomenon can be well illustrated by a simple 
experiment. If a rod of pure crystolon is wound with copper wire 
at both ends so as to make a good contact and connected to a 
source of electrical current, very httle will pass, but if the rod is 
heated with a blast lamp to a high temperature the current will 
pass freely. Crystolon refractory articles made up with a small 
amount of a clay bond do not become conductors even at high 
temperatures, although the resistivity is considerably diminished. 
The following determinations of the resistivity of bonded crystolon 
have been made: 

Rs9iBtj>-ity. 



318 X 105 

63 X 105 

809 32 X 105 

940 16 X 105 

Um 4 X 105 
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It will be observed that although there is a considerable decrease 
in resistivity with rise in temperature, yet for most practical pur- 
poses the crystolon remaiiiH an insulator. 

If now the pure crystolon brick were used to build an electric- 
furnace roof through which two electrodes at different potentials 
passed there would be serious current leakage when the roof 
becomes hot if the electrodes touched it. It is, therefore, neces- 
sary to have a clearance between the electrodes and the brick by 
making the openings in the crystolon roof somewhat larger than 
is customary with the ordinary roof. On the other hand, the heaf^ 
insulating bricks used on top of the crystolon roof form openings 
that are of the normal size. This method of constructing the roof 
is found to be perfectly satisfactory. 

In the tests made at the FitzGerald and Bennie laboratories it 
was found that when using ordinary brick and overloading the 
furnace there was no difficulty in completely destroying the roof 
in a single heat, biit this was impossible in the case of the crystolon 
roof. When the crystolon roof is used it is possible so to overload 
the furnace that the magnesia lining is destroyed and yet the roof 
remains intact. 

Experiments have also been made on 2-electrode steel furnace 
in which the capacity was 2.5 tons of steel, and these in every 
respect confirm the results already mentioned. 

It is certain that, provided a sufficiently high temperature is 
reached, there is a reaction between lime and silicon carbide, but 
so far as the tests made with the crystolon roofs go there is no 
appreciable reaction between the lime vapors from the slag and 
the brick. 

The pure crystolon brick has been tested also in other ways. 
Thus, in one furnace in which a certain material was heated to 
excessively high tempernture, it was found that a good grade of 
fire brick used outside the crystolon brick for heat insulating 
purposes could be melted down completely by the heat transmitted 
by the crystolon brick without in any way damaging the latter. 

Other examples could be given, but enough has been said to 
show that this refractory material promises to have important 
uses, making it possible to do things which were impossible 
hitherto. For example, in the electric steel furnace not only may 
the space between the roof and the bath be made much smaller 
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but the temperature may be forced to a higher degree without any 
risk of damage. 

The crystoloa brick is, of course, a somewhat expensive refrac- 
tory and consequently much of the investigating work done on it 
has been in the direction of improving methods of manufacture 
so as to reduce the cost. So far as moulding goes the problem is 
comparatively simple, but the development of a satisfactory fur- 
nace for "baking" the brick proved more difficult. However, 
a satisfactory furnace has 1>een designed and worked until it 
appears to give excellent results. 

The Basic Refractories Used in the Electro-metallurgical In- 
dustry. — The chief of these is magnesia which has a wide use as 
a refractory in spite of its serious faults. The most serious of 
these is an objectionable way of cracking when heated to a high 
temperature. This is, no doubt, in large part due to the remark- 
able way in which magnesia articles shrink when heated to high 
temperatures, corresponding to the increase in the absolute den- 
sity.* An experiment of Moissan is thus epitomised: 

"The first specimen (of magnesia) had been heated for 6 hours 
in a furnace heated with an air blast and retort carbon as fuel. 
The second specimen consisted of magnesia plates, partly crys- 
talline, which had been submitted for 2 hours to the action of the 
electric arc. The third consisted of a mass of magnesia weighing 
50 grams and fused into a single piece in the electric crucible 
furnace. We obtained the following: 

Daaaitv Bt 20". 

1. MgO (furnace with blower) 3.577 

2. MgO (furnace with plates) 3.587 

3. MgO (fused mass) 3.654 

Moreover, Ditte has shown that magnesia gives the following 
densities : 

Denaily at OV 

At 350 3-1932 

Dull red 3.2482 

White heat 3.5699 

Under the circumstances it is not surprising that articles such 
as brick and crucibles are apt to crack when heated to high tem- 
perature. 

• Melallurgicai and Chemical Engi'ieiring. Maroh, 1912, p. 130. 
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It ia obvious that the tendency to cracking exhibited by the 
ordinary calcined magnesite ia less liltcly to be found in a material 
which has been calcined at the very much higher temperatures 
attainable by electric means. An experiment which brought this 
out very clearly was as follows: A crucible was made of highly 
calcined magnesia prepared from Grecian magnesite. The cru- 
cible was embedded in a granular carbon resistor and the current 
regulated so as to heat the crucible very gradually. The crucible 
was finally raised to an intense white heat, probably about 
1500° C, and was then allowed to cool gradually in the furnace. 
It was so badly cracked that it was absolutely useless. Another 
crucible was made in exactly the same way except that electrically 
calcined magnesia was used. This crucible was heated fairly rap- 
idly to a temperature at which Seger cone 35 {supposed to bend at 
1830° C.) was completely fused. The crucible was then allowed to 
cool and was examined. A few very small cracks had occurred where 
a hot spot unfortunately developed during the process of heating, 
but otherwise the crucible was in perfect condition. The heat had 
been so intense that the outsideof the crucible was slightly fused. 

Several tons of magnesia have been electrically calcined and 
tested in a great variety of furnaces, and in every case pxcelleut 
results have been obtained. 

There ia one other important point to note in regard to tJiis 
highly calcined material. The ordinary calcined magnesia ab- 
sorbs carbon-dioxide gas, forming magnesium carbonate more or 
less rapidly, but this does not occur at all, or with extraordi- 
nary slowness, in the case of the electrically calcined product. 
An experiment demonstrated this very clearly. Two porcelain 
boats were filled with electrically calcined magnesia and a higtdy 
calcined magnesia of the ordinary kind, respectively. In both 
cases the samples were finely ground so that the particles were of 
approximately the same size. The Ixmts were placed in a tube 
through which a rapid stream of moist carbon-dioxide gas was 
passed for 44 hours. At the end of that time the samples were 
weighed with the following results: 

Sunple. ia weisht. 

Ordimiry calcined 31.30 

Electrically calcined 0-00 

In the preparation of this magnesia it is possible to use an 
arc furnace, but the method is not altogether satisfactory on 
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I account of its cost. It is unnecessary, and in fact disadvanta- 
geous in many ways, to fuse the magnesia. Accordingly a resist- 
' ance furnace has been worked out wiiich will calcine the magnesia 
satisfactorily. 

Electrically Fused Lime. — This product may be found very 
useful in the electric- furnace industry, FitzGerald reports that 
lime fused in the electric furnace is a much better conductor of 
heat than ordinary quicklime. Blocks cut from the fused prod- 
uct stand heating followed by sudden cooling very well. One 
such block was heated to redness with a blast lamp and while 
still under heat cold water was poured on the block without pro- 
ducing any change. Fused lime resists exposure to moist air 
remarkably well, for while it will eventually slack, this is a proc- 
ess of days instead of hours. Even when boiled with water, 
hydration proceeds very slowly. 

Electric-furnace Liniugs. — These may be classified according 
to use: (1) in reduction smelting furnaces, and (2) in steel and 
rehnii^ furnaces. 

In the first class the experience of the Trolhatten smelters has 
taught us that linings of ordinary fire clay and magnesia will 
eaaly withstand the heat and chemical effects produced in elec- 
tric smelting of ores. The Trolhatten furnace reduces about 23 
tons of pig iron per day. During an operating period of 5 months 
only 18 hours have been required for keeping the crucible in good 
repair; apparently the lining of the furnace was not severely 
damaged in the same time. 

The operation consists in smelting iron ore, by means of arcs 
produced by 4 to 6 electrodes from three-phase alternating cur- 
rent, in a circular shaft furnace which bellies into a crucible of 
larger diameter. Carbon, in the form of charcoal, does the re- 
ducing while the heat of the arc attends to the fusion and slag 
formation in the crucible; the ore is heated and partially re- 

■ duced in the shaft by the ascending gases. The waste furnace 
gases are recirculated in order to realize the reducing power of 
their carbon monoxide. They serve also to cooi the crucible 
lining both by absorbing some of the excessive heat which it 
contains, and by demanding heat to effect the dissociation of 
carbon dioxide and aqueous vapor in contact with the incan- 
^H^ descent carbon which descends to the crucible. The furnace 
^^fc con^sts of the three [)arts, shaft, bosh and crucible. Each of 
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the opening to the bosh of the shaft is sealed with sand. The 
roof is also broken to permit the entrance of the 4 electrodes, 
each of which is composed of 4 carbons of square section. The 
lx}tt«m of the crucible is dish-shaped and is formed of a mixture 
of magnesia and pitch rammed in so as to extend for some distance 
along the walls. That part of the waste gases which is blown back 
through the furnace enters by 4 tuyeres attached to the bustle pipe 
encircling the crucible. An effort was made to cool the electrodes 
by blowing the gaa through them, but the carbon dioxide attached 
and destroyed the carlton. The slag and iron are often tapped from 
the pig tap and the slag has been skimmed from the molten pig, 

Mr. Van Brueael • enunciates the following principles of con- 
structJon : 

(1) As all known materials become good conductors at a high 
temperature, the construction must be such that the current does 
not pass through the lining during the working. (2) The con- 
struction mu.st he such that the charge itself protects the lining 
from destruction through radiation from the electric arc or through 
conduction; otherwise it would be necessary to employ water 
cooling with consequent waste of energy. (3) The charge must 
not press harder against the electrodes than is necessary for the 
formation of an are. If this condition is not fulfilled the tension 
becomes unduly low, the electrodes and conductors assume in- 
ordinately large dimensions and the working becomes irregular. 
In the electric smelting the carlxin charged with the ore cannot 
bum, and for obtaining a product of uniform quaUty it is necessary 
to have a hearth of sufficiently large dimensions to serve as a mixer. 
Otherwise the irregularities which inevitably occur in charging 
will influence the carbon contents, etc., of the product. In order 
to fulfil these conditions the heart.h is constructed in the shape of 
a comparatively large crucible covered by an arched roof. 

Another important feature in a furnace of this kind is the regu- 
lating of the energy supply. As a reduction furnace must neces- 
sarily work with a considerable gas pressure, the usual method, 
consisting of raising or lowering the electrodes, cannot be con- 
veniently employed, as it would be too difficult to keep the pack- 
ings tight around the electrodes. ' A system has been elaborated 
by which the electrodes are generally adjusted in accordance with 
their wear, but all other regulating is accomplished by varying the 
* Engineering and Mining Joumai, Sept. 30, 1911, p. 651. 
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tension of the current supply. This is done by cutting out wind- 
ir^ on the high-tension side of the transformers, and the arrange- 
ments are such that the different phases can work simultaneously 
with different tensions; for instance, 80 volts on one phase and 
70 volts on the other, etc. This method of regulating the current 
has greatly facilitated the working. 

The lininga of resistance furnaces and arc furnaces used for 
smelting, refining and calcining are made of magnesia orcrystolon. 
Silica and, less often, fire clay and alundum are also used in these 
furnaces, especially in the roofs. The uses of these materials in 
this way has been discussed in previous chapters and on pp. 191-193. 

In some electric furnaces a refractory lining is not needed since 
the heat is developed in the midst of a large mass of material. An 
example of this construction is the Acheson carborundum furnace 
and the Wilson carbide furnace. In the case of the continuous 
electric smelting furnace of shaft and crucible type, the current 
may be regulated so that a portion of the ore, which otherwise 
would descend through the shaft, remains unfused around the 
sides. In processes, however, in which tlie charge is heated con- 
siderably above its melting point, the hot liquid central part will 
gradually eat its way through the unfused ore to the walls. The 
sides may be cooled by a continuous passage of cold air or water 
on the outside, or of fresh ore on the inside. A satisfactory method 
of water-cooling electrolytic furnaces is described by Stansfield.* 
The molten electrolyte is contained in an iron vessel which is 
required to be gas-tight. Since both the electrodes pass through 
the walla of the vessel, or the vessel itself may be one electrode, 
it is necessary to introduce an insulating joint at some point and 
the joint must be unaffected by heat, by the electrolyte or by 
the gaaea given off in the operation. A satisfactory method of 
effecting this is to make the vessel in two parts, one of which may 
be the Ud, and to maintain, by water cooling, a layer of solidified 
electrolyte between the two parts, which are slightly separated. 
This method is employed in Borchers' appliances for the electrolysis 
of fused zinc chloritle and for the electrolysis of fused salts of lead. 

Electrode holders are sometimes water cooled, to prevent them 
from becoming unduly heated, and occasionally even the electrodes 
themselves are water cooled as, for instance, the water-cooled iron 
electrode in Borchers' aluminum furnace. 
* "The Electric Furnace, 
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are made that the bauxite of the present day is so superior 
that it outlasts any other bricks in the cement kiln. The 
action of the high temperature employed (up to 1600° C.) and 
of the cement in scouring and attempting to form lime silicate 
Baits with the lining make imperative the use of a refractory of 
good physical and quite neutral or basic chemical qualities. 

Glass Furnaces. — Fig. 78 shows a cross SL-ction of a glass 
tank furnace heated by producer gas and provided with checker 
work. The latter system of realizing energy in waste gases 
was first used in the glass furnaces developed by Frederick 



Fio. 78, — Stclion through a Glass Furnace. 

Siemens in Dresden. The floor, side lining and roof are some- 
times all made of siUca blocks and bricks, but as a rule the bot- 
tom blocks and sides beneath the surface of both are of refrac- 
tory fire clay. 

Lime Kilns.* — These are now built with a clear width of 9 
feet 6 inches, 30 feet in height from the bottom of the fire box to 
the top of the lining, and 4S feet in total height. The shell of 
boiler plate carries 25 inches of lining. In the top half of the 
shaft, the inside 9-inch course of first quality Ere brick butts 
against 16 inches of second quality fire brick; in the lower half 
there are two 12-inch thicknesses of both first and second qual- 
ity fire-clay brick. The arches and bridge walls of the five or 
Bix fire boxes at the bottom are of first quality fire-clay brick. 
• Sw illQatration on page 41. 
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Cupolas. — Cupolas for melting iron and alloys carry a lining 
of fire-clay brick, 10^ to 12 inches thick, from the tapping hole' to 
the feed door. The shaft above the feed door is lined with 4^ 
inches of fire-clay brick. These shapes are specially prepared to 
fit the circumferences of standard-sized cupolas. Gas-producer 
shaft linings resemble the linings of cupolas. Their boshes are 



Fro. 79. — Sterlii^; Watei^tube Boiler. 

generally made of ciist-iron plates; the lining of the shaft inside 
the shell is of good quality fire-clay brick. 

Incinerating Furnaces. — All of these furnaces are lined with 
4J or 9 inches of first quality fire-clay brick, butting against 9 
or 13J inches of second quality fire brick. 

Tile. — Tile for flues, furnace doors and roofs are made of 
fire clay and measure generally up to 30 by 12 by 2 inches. 
When made larger than this, and most refractories manufac- 
turers make them up to 3 feet in length, they must be made at 
least 3 inches thick to carry their own weight. 

Boilers. — In no field has there been so much waste of bricks 
and refractory materials as in the settings of boilers. Third 
quality and common brick break up when exposed to the heat 
and strains usual in these settings. Concrete should be used 
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Arthur Peabody and Mr. H. J. Thorkelson, of Madison, Wis., is 
instructive. For instance, the fire brick should be of good quality; 
the arches to be of Woodland, the lower side walls of Laclede crown, 
the upper side walls of Sterling crown and the second pass of. Ajax 
fire brick. Wherever common brick are used, they should be of 
best quality hard-bumed brick, and in this particular specification 
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Fig. si. — lUuBtrating Babcot^k and Wilcox Boiler Setting 
the face brick are a good quality of repressed brick. The common 
brick are laid in a mortar made up of equal parts of clean sand, 
fresh lime and Portland cement. The fire brick should be laid in 
a batter of fire clay and rubbed into place and the jomts made ae 
close as possible. No trowels should be u-sed in the fire-brick work. 
I. Bids. — Bids will be received for the entire brick setting of 
two 350-h.p. Babcock and Wilcox Company's water-tube boilers 
and Roney stokers. These boilers and stokers will rest upon the 




Wilcox Company and the Westinghouse Machine Company. The 
drawings show the manner in whicli the boilers shall l»e bricked 
in and the parts that shall be lined with fire brick. 

3- Arches. — The arches shall Ire constnicted of Woodland 
fire brick of the beat quaUty. The brick shall be set with a 2- by 
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4-mch face to the flame. Each ring stiall be bonded to the ad- 
jacent rings in the best possible manner. It will be necessary to 
USB the standard 2-inch by 4i-inch by 9-inch and 2-inch by 6-inch 
by 0-inch brick; also 2-inch by 45-inch by 9-inch and 2-inch by 
6-inch by 9-inch wedge brick in this work. The contractor shall 
construct the centers for this work, but when the work it finished 
they shall become the property of the University, Build 9 inch 
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Plan of Seltini;. 



fire brick and common brick relieving arches as shown on the 
drawing, 

4. Side Walls of Furnace. — The side walls of the furnace from 
a point 3 inches below the top of the side bearer to the line of 
the lower tube, together with the entire face of the bridge wall 
exposed to the fire, shall be lined with 9 inches of the best quality 
of Laclede crown fire brick set with 2- by 4^-inch face to the flame. 

5. Side Walls' Front Pass. — From the Une of the lower tubes 
to the drums and the entire surface above the tube as far back 
as the hanging bridge shall be lined with 4 inches of the best 
quality of Sterling crown fire brick. These brick shall be set with 
the 2 by 9 face to the hot gases and shall be bonded to the common 
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brick with full header courses every fourth course. Build a 9-inch 
hanging bridge wall as shown on the drawings of Sterling crown 
fire brick. 

6. Second Pass. ^ From the line of the upper tube in the 
second pass to the line indicated on the drawing the boiler shall 
be lined with 4 inches of Ajax fire brick set in the same manner 
as specified for Sterling crown brick. 

7. Fire Clay. — All clay used on this work shall be of the very 
best quality and well tempered and mixed to a thin batter. 

8. Special Blocks. — The space at the sides of the front headers 
shall be closed by special fire-brick blocks made to fit the headers. 

g. Laying of Fire Brick. — The fire brick shall be laid only by 
masons experienced in fire-brick work. None other will be allowed 
on the work. All fire brick shall be dipped in a batter of fire clay 
and rubbed into place, making the closest possible joints. Trowels 
shall not be used on fire-brick work. 

10. Common Brick. —The common brickwork shall be built 
of the best quality of hard-burned brick, samples of which shall 
be submitted to the architect for approval. These brick shall be 
laid in mortar made of one part sharp, clean, bank sand, one part 
freah lime and one part Portland cement. 

11. Water and Sand. ^ The University of Wisconsin will 
furnish water and sand for this work, but the contractor shall 
carefully screen the sand. All other materials shall be furnished 
by the contractor. 

12. Cement — Cement shall be Eastern Atlas, LeMgh, Me- 
dusa, Universal or other well-known brand of Portland cement, 
accepted by the architect. All cement shall be subject to test 
by the architect before being incorporated into the work, and 
must come well within the standard specifications of the American 
Society of Civil Engineers. 

13. Facing Brick. — The exterior walls of the furnace back to 
the front ixiiler columns shall be faced with the best quahty of 
hard-burned, vitrified pressed brick, standard size of a strong buff 
color. These brick shall be similar in every way to the No. 610 
repressed brick made by the Ayer McCarl Company of Brazil, 
Indiana, now used in the facing of the boiler room. They shall 
be laid with pressed-brick bonding headers every fourth course. 
The courses shall be kept plumb, level aud straight, and the joints 
of uniform size. The color of the mortar shall match the mortar 




CHAPTER XI 
DIRECTIONS IN CONSTRUCTING FURNACES 

The Use of Refractohy Mortabs and Paints 
Some Laws of Furnace Construction. — In constructing fur^ ] 
naces with refractory materials the laws governing the erection of 
brick and stone buildings should be observed. As the size of the 
furnaces is increasing from year to year, it seems as though economy 
and safety would dictate the use of larger forms than the standard 
brick, just as freestone forms the foundation and often a part of i 
the superstructure of edifices. The furnace, it would seem, would 1 
be stronger and a more homogeneous compact mass, with fewer •] 
joints to weaken the wall and allow the attacks of metals and I 
slags. But our hands are tied to some extent by the fact that it J 
is not easy to prepare large forms which will mix, knead, dry and 
bum as evenly as the smaller bricks. The drying and burning of 
large shapes is more costly if it is done as thoroughly. If the 
larger ehape is buraed to the core, coosiderable time, patience and , 
money must be expended. Then again the furnace made up of J 
the small-brick units is more elastic and withstands the altemata J 
expansion and contraction of the heated and cooled body better I 
than it would were it built of larger blocks. Again, the masoal 
likes the standard size and claims that cracks formed in the largw I 
blocks are less easily controlled than those which form in tbe^f 
joints, i.e., in the mortar, in the small-brick wall. 

The furnace should always be built with due regard to the mod- ' 
ulus of expansion or contraction of the material i^ed. For ia- J 
stance, silica walls, roofs and hearths expand on heating and even 
when cooled retain some of their growth, whereas fire-clay brick 
generally expand slightly in the heat and contract to less than the 
original dimensions when cooled. In ordinary furnaces the fur- 
nace may be held to size by tightening or slackening the bolts or 
trim buckles in the long and cross-tie bars. With arched roofs 
particular care should be observed. I have seen a magnesia roof 
crush to pieces in expanding on its first heat, and a fire-clay roof 
fall after a short campaign on account of lack of proper super- . 
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vision. Then again the "heating up" of a furnace, especially 
of a large reverberatory, must be done slowly and gradually. A 
long copper reverberatory furnace in which I was interested was 
warmed in the usual way by burning, at the beginning of the cam- 
paign, a number of wood fires on the hearth. These were not 
evenly spaced, nor were there sufficient of them. Before the fire- 
box gases were started the furnace was already damaged. The 
roof, throughout the whole length, waved up and down in a re- 
markable way. The usual care had been observed in loosening 
the expansion joints in the tie bars so that the arch of the roof had 
raised uniformly; nevertheless the life of that particular furnace 
was short. The damage done to a hearth is less readily seen and 
only makes itself felt by dropping a bath of metal or matte, at a 
time when no suspicion of it« weakness is entertained. 

When using silica, magnesia and chrome bricks especial care 
must be observed on account of their peculiar physical con- 
struction. They all expand considerably under heat, and all 
spall when subjected to sudden changes of temperature. All 
furnaces in which these materials are employed should be warmed 
and cooled very slowly. Magnesia bricks last longer if they are 
surrounded with water jackets. The cool magnesia is much more 
resistant to the action of slag and heat than the hot material. 

From 250 to 350 pounds of fire clay or silica cement are enough 
to lay lOOO bricks. The joints may be made larger in using silica 
bricks, and more mortar us<(d than is advisable in the case of fire- 
clay bricks which do not expand much and consequently will not 
fill any interstices which the contracting mortar may leave when 
heated. It is good practice to always use the same refractory for 
the ground ma^s of the mortar as that which composes the wall, 
roof or hearth of the furnace. 

For estimating_ on Iire-brick work the following figures may 
be used; 

1 square foot 4^-inch wall requires 7 bricks. 

1 square foot 9-inch wall requires 14 bricks. 

1 square foot 13J-inch wall requires 21 bricks. 

1 cubic foot brickwork requires 17 9-ineh straight bricks. 

1 cubic foot fire-clay brickwork weighs 150 pounds. 

1 cubic foot silica brickwork weighs 130 pounds. 

1000 bricks {closely stacked) occupy 56 cubic feet. 

1000 bricks (loosely stacked) occupy 72 cubic feet. 
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For estimating on red brickwork it is safe to figure on 9 cubio \ 
feet of sand and 3 bushels of lime for laying 1000 brick. 

All refractory bricks should be stored in a dry place. With 
scarcely an exception all kinds are damaged by contact with 
damp air. Magnesia bricks may be destroyed entirely since 
magnesia forms the hydrate very easily and in "blowing," the 
brick crumbles. In shipping over the high seas or to moist 
climates the bricks should be packed in boxes and stored in a 
dry place. Fire-clay brick suffers from freezing and all refrac- 
tories should be kept at a moderate temperature the year round. 
In storing raw materials it is well to remember that natural rock, 
like granite, expands on weathering duo to aome disintegration, 
quartzite material;^ swfll and break and fire clay becomes plastic 
EUid is liable to deteriorate. 

Refractory Mortars, Cement Facings and Coverings. — The 
mortar serves the purposes of filling the joint cracks between 
the bricks, of holding the wall or roof firmly together and of pro- 
tecting these most vulnerable parts in a furnace wall or roof from 
the attacks of the slag. It must have the same refractory quality 
as the lining or roof. The difference in the quality of the mortar 
and furnace refractory lies chiefly therein that the former may be '^ 
used raw or in a half-prepared condition and may bo burned and 
fritted thoroughly when in position in the furnace. Accordingly I 
the mortar should have as high a temperature of fusion as the 
bricks employed. Yet it must sinter to a dense mass, and not | 
"blow" or contract. It is necessary to practice considerable 
self-restraint in selecting a mortar which will fulfil these con^ i 
ditions, and not endanger the length of the life of the furnace j 
by using any mortar which may be at hand. It is better to int- j 
port from a considerable distance to a locality devoid of good i 
refractory mortar-making material than "to scuttle the ship for \ 
a ha' puth of tar." It is perhaps in boiler settings that many I 
evidences of this negligence are found. 

The four ordinary varieties of mortar are: (1) Lime mortar, 
(2} fire-clay mortar, (3) common clay mortar or mud and 
(4) cement. The hme mortar, made of limu and sand, may not 
be used where it will be exposed to heat; it bon<is very stron^y 
when kept cool and should be used where strength is desired. 
The fire-clay mortar is used with most refractory fire-clay brick. 

The fire-clay mortar proper may l>e divided into two classes, > 
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known as natural and artificial. The fir^t class includes the 
ar^llaceous sandiitone which outurri in all deposits of fire clay. 
Those kinds have particular value, which contain a large excess 
of silica and some moderate quantities of fluxing agents. They 
must also work easily with the trowel and burn to a dense 
sinter between the bricks. The artificial mortar ia made from 
grog or chamotte (ground brickbats, tile, retorts, etc.) and mixed 
with a refractory clay free from sand. This mixture should 
havo approximately the composition of the brick which it is to 
bond. 

Besides the mortars named many other mixtures are used for 
different refractory materials; generally they are made of the 
same material as that of the refractory. 

Care must be taken that the mortar does not enter into chemi- 
cal comliination with the bricks, and it should not actually fuse 
at the temperature at which the furnace or vessel is employed. 
It should burn at the temperature employed to a siater and knit 
the whole structure together. Joints should be eliminated when- 
ever possible, and very little mortar should be used between the 
bricks. 

For many vessels, in which there is little physical or chemical 
action on the wall, such as in boiler settings, the mortar may con- 
sist of a mixture of ground clay and sand. 

Generally, however, an addition is made of some of the refrac- 
tory composing the walls. Then in order to make the mortar 
bond and point well, some plastic clay should be admixed. The 
whole must be ground fine and well packed for transportation or 
storage. The various kinds of refractories need, however, differ- 
ent mortars. Dinas and silica bricks are laid in a mortar of 
fine-ground quartz and good fat clay; quartzite and lower-grade 
silica bricks may be lx>nded with a mixture of fine sand, ground 
chamotte or grog and plastic clay. Fire-clay bricks require fine- 
ground chamotte and plastic clay with sometimes an addition of 
ground quartz or chamotte made from broken quartzite and silica 
bricks. Magnesia bricks are liest laid without bond, wherever 
possible, that is, skin to skin. When a mortar must be used, 
the best of all the many mixtures proposed is a finely ground 
burned magnesia and limieed oil. Water must not come in con- 
tact with burned magnesia brick or it will at once become hy- 
diated and. weak. Charcoal and coke bricks are set with a 
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mortar consisting of 2 parts coke dust and 1 part ground clay. 
Dolomitfi bricks are dipped in tar and laid close, the joints then 
burned tight. 

For closing tap holes, plugs of plaatic clay mixed sometimes 
with coarse chamotte of fire clay or even of silica brick are used. 
Sometimes coke braize is intermixed. For daubing and quick 
repairs a water-free mixture of chamotte and plastic clay may be 
used. In furnace heat a mixture of chamotte, clay and graphite, 
or of magnesia, fire clay and water glass (52°) sets quickly and 
holds well.* 

The clay mortars should be spread in fiat boxes and digested 
with water for several days. The old supernatant water should 
be poured out every few days, fresh water added and the whole 
mass stirre<l up to form a good paste. 

All tar mortars should be used as hot as the workmen will 
stand. The masons should wear good gloves during this trying 
stage of brick laying. Joints should not be, at the most, more 
than J inch thick. Mortar used in furnaces should be as tliin 
as possible and have approximately the consistency of cream. 
Bricks with large uneven surfaces should be grountl by rubbing 
on one another. The bottom bricks are covered with a homoge- 
neous mass of thick mortar. The upper bricks are then laid on, 
pressed firmly down, and tapped backward and forward to make 
them lay as tightly together as possible. The excess mortar is 
thus squeezed out and wiped off the joint. The outer joints are 
carefully pointed with a minimum amount of mortar. The fresh 
brickwork is gradually dried by careful warming before being 
subjected to the high temperatures and the weight of the charge. 
For facings and breasts, mixtures of water glass with clay, magnesia 
or asbestos are favored, while Ixtrax, boracic acid, salammoniac, 
linseed oil and other materials are often used as bonds. 

In coating steel or other furnaces to render them fireproof the 
Mining and Scientific Press {April 21, 1911) recommends to first 
brush the brickwork with a solution made by boiling 1 pound 
each of silicate of soda and alum in 4 gallons of water and then 
follow immediately with a well-mixed composition of silica 50 
parts; plastic fire clay, 10 parts; ball clay, 3 parts. 

• The mixture of fire day and oiiigntwia with from 10 to 20 per cent of wat«r 
glass is moal BBtiBfactory for pluRginu runaway lead or matte taps, for 
iug breasts and for fettling and imcking. 
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Rope may be made fireproof by the following solution: Anmio- 
nium chloride 15 parts by weight; boracic acid, 6 parts; borax 
3 parts, and water. A mixture of water glass and asbestos with 
sometimes some admixed magnrsia, heavy spar or fire clay is used 
for painting the interior of flues. Various batches of asbestos 
and magnesia and other asbestos mixtures are used as fireproof 
coverings. 

Mixtures of tar and burned magnesite, tar and chromite, of tar 
and fire-clay grog and of tar and sand are all iised as protective 
paints and coveriiyjs against acid, hot fume, gases, and molten 
products. The acidproof glazes are described in Chapter IX, 
pages 185 to 187. 

Soapstono has great heat-resisting quaUties and is a good electric 
insulator, but it can only be used where the volume of the mass 
used is not prohibitive. Mica is also resistant to heat, makes a 
good packing and provides excellent dielectric resistance. The 
disadvantage of its use lies in its friability. 

Refractory Cements. — These are often not strictly refractory 
or highly infusible but serve a good purpose in filling small cracks 
and interstices in refractory or fireproof brick and ware. Among 
these useful cements aw argillaceoug sandstone and the so-called 
"plastic dinas" of which three samples are submitted,* 
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This docs not change its volume or crack at medium tempera* 
tures, is plastic and easily moulded. 

Another is composed of loam sand and powdered glass in vary- 
ing proportions. The so-called Holland cement contains large 
quantities of gypsum. 

* Handbuch der gesammteJt ThonvaaTfiindusirie, Kerl, p. 913. 
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The water-glass mixtures particularly water glass and magnesia, 
and water glass and heavy spar are used as cements. The sandy 
Hessian clays and sticky sands are used with advantage for re- 
pairing furnace walls. 

Siemens recommended the blowing of sand and ground quartz 
against the weak spot in a furnace for the same purpose- Sand 
admixed with clay is used to fettle and repair the hearths of 
copper reverberatory and other furnaces. The sand is thrown 
with the shovel against the hot wall, where it frits at once form- 
ing an adhesive coating. 

Asbestos cements composed of asbestos bonded with fire-clay 
magnesia and other refractory materials are used widely in point- 
ing and joining first-class fire brick. The H. W. Johns-Manville 
Company market various kinds, of which from 250 to 350 pounds 
are required to set up 1000 standard fire bricks. This com- 
pany has developed the application of asbestos and various mix- 
tures and batches for manifold purposes. Among these is a 
fire-brick coating, of which 50 pomids is required to face 1000 
standard fire brick. They also make insulating and building 
materials, using amongst other ingredients wood pulp, hair, rubber, 
and various textiles, gypsum and alkaline earths. Thus they have 
exploited asbestos covering tor pipes and boilers, steam packings, 
stucco, wood, paint, retort cement, cold-storage insulating materials, 
magnesia pipe, lagging, plaster, rubber cloth, rubberoid roofing and 
various kinds of fireproof materials. Their standard mixtures which 
are the most refractory and useful are made of asbestos and mag- 
nesia. Special mixtures are made for use at different temperatures, 
since it has been found that these asbestos mixtures should com- 
mence to sinter and slag at the temperature employed in order to 
prevent the physical deterioration of the asbestos. 

Insulation of Furnaces. — An air space in the divided wall, ' 
under the hearth or in the roof of a furnace, is often a poor insu- 
lator. Once the interior part of the wall attains a high heat, 
the air will conduct it across to the outside wall quicker than 
almost any refractory material of non-metallic character. Coke ! 
braize, ashes and asbestos are much more satisfactory. One of I 
the asbestos-magnesia, or asbestos-clay batches, made especially 
for the industry, answers better than any other material. Many | 
fire-refractory materials and brickwork form minerals with a high 
modulus of expansion at high temperatures. Those which become i 
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physically weakened in expanding, like magnesia, must be water- 
jacketed in order to preserve them from their own physical 
dismt-egration and the chemical attacks of slags and metals to 
which they are more exposed at high temperatures. Waterjacket- 
ing robs the furnace of some heat. This is less than might be 
expected, since the heat conductivity of the wall is reduced by 
cooling. Yet this drawback must be taken into consideration 
when selecting the refractory material. A reasonably close 
estimate of the heat lost by water eooUng may be made by 
measuring the temperature of the ingoing and outflowing water 
and the quantity of water passing through the jackets, calcu- 
lating the calories absorbed therein in 24 hours and comparing 
this quantity with the total developed in the fire box in the same 
time. 

To make a comparison, however, of the heat lost in wat*rcooUng 
and that which would be lost without cooling, reference must be 
made to the methods of determining the flow of heat through 
furnace walls. 

Furnace Efficiency. — Modem practice in the metallurgical and 
chemical industry has proved the advantages and the economy of 
working with large furnaces. Less attention has been given to the 
matter of the form which will produce the best results and to the 
material which will conserve the heat developed in furnaces. Every 
line of the furnace has been made with a view to realize the heat 
in the fuel gases, without much regard to the distribution and con- 
servation of that energy. In the reverberatory furnace this heat 
comes from the orthodox fire box situated at one end, or from pro- 
ducer gas or oil passed in through the two end walls. In the case 
of the blast furnace the economy of the furnace of large content 
has been demonstrated. In the form of the furnace we have been 
bound by the measure of the center line from the sides, at which 
the blast from the tuyerea may be effective. In regard to the 
material composing the walls, we have always selected the most 
easily handled refractory material of moderate cost, 

Metallui^cal science has not aided the practical engineer to 
solve these problems; practice has outstripped theory. Now, 
however, we may question with some grace the wisdom of re- 
taining the present forms and materials. One of the sources 
of great loss of heat is its flow through the furnace walls and 
roof. 
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Now the quantity of heat lost through a wall or roof depends: 

(1) On the thickness of the wall, r, on the area of the wall or of j 
that part of the wall under measurement, namely, A. 

(2) On the difference in temperature of one side of the wall Ti 
and of the other side Tj. 

(3) On the modulus of heat conductivity possessed by the ma- j 
terial composing the wall. 

Then Q (the amount of heat lost in one unit of time) 



-K 



(r,- 



- A, or Q in I units of time = K- 



^Ai. 



All these are measurable factors with the exception of if . K\a ' 

written down, happily and irresponsibly, in books of tables as a 
constant. Fire brick, for instance, we find has a value for K of 0.7 i 
kg.-cal. sq. m. hour ° C* This figure means little to the con- ' 
etructing engineer. The modulus of conductivity K of fire brick, \ 
as a matter of fact, varies with different brick and depends: 

(1) On the chemical composition of the material of which the 
fire brick is composed. | 

(2) On the porosity, permeability, size, character and number i 
of grains and pores contained and other physical properties, 

(3) On the temperature at which the brick is burned. 

(4) On the temperature obtaining in the furnace where used. 

(5) On the character of the insulating material outside the fur- 
nace, if any, 

(1) In a series of determinations, S. Wologdine found the value ■ 
of if to be as follows: i 

In sample of fire-clay brick burned at 1050° K = 1.32. 
In sample same fire-clay brick burned at 1300° K = 1.81. 
In sample silica brick burned at 1050° K = 0.71. 

In sample same silica brick burned at 1300° K = 1.12. 
In sample carborundum burned at 1050° K = 5.22. 

In sample same carborundum burned at 1300° K = 8.32. 
In sample magnesia brick burned at 1050° K = 2.08. 
In sample same magnesia brick burned at 1300° A' = 2.35. , 

In a sample of kieselguhr K = 0.64. 

In two samples graphite K = 8.64 and 9.0. 

In a sample bauxite burned at 1050° A' = 1.11. 

In another sample bauxite burned at 1300° K = 1.19, 

• Landolt and BosruBtem, and Ingniieurs Tasckcnbuch EiitU. 
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(2) The conductivity varies with the porosity. It is therefore 
a function of the air enclosed in the pores of the brick. This is 
exemplified in the following table: 



«.^,. 


Ponxily 
per coat. 


^ii™ !"»,'"■ 


Conduolivity 

ki!.-™l- per hr 

per sq. m. 


Fire brick: 
RB-5 


29.44 

30,85 

30,2 


37,84 
14.72 
306,2 


1.25 
1.32 
1,50 


RB-9 



Points (3) and (4) have been proved in the discussion of (1). 

(5) Messrs, Ray and Kreiainger* have shown that the loss of 
heat through the fire-clay brick side walls of a furnace is 1.3 
that through the roof of the same thickness. They have also 
shown that an air space between a divided wall or fire bridge of 
a furnace conducted heat more rapidly than the fire brick itself 
and many times as much heat flowed through it as through a 
similar thickness of asbestos. For bodies imder a temperature of 
625° C, it is true, the air space does act as an insulator, but the 
higher the temperature the better conductor it becomes and the 
more heat it loses. So much for the loss of heat through walls. 
The material which has the lowest value for K is kieselguhr which 
may not be used on account of its lack of strength in brick or 
other form. Fire clay is the next best. 

Our object always is to make Q as small as possible in the 
equation: 



= K 



(T,- 



'-^A. 



This may be accomplished either 

(1) By making K low. K may be low by using a material of 
low heat conductivity such as kieselguhr or fire-clay brick. Let 
us use, then, fire clay. But suppose the operations in the furnace 
require magnesia. Then make the /C[of magnesia as low as pos- 
sible by keeping the material cool. That is to say, water jacket the 
magnesia wall or hearth. 

(2) By making the difference between the outside and inside 
temperatures of the wall or roof, namely, Ti — Ts, as small as poB- 
able. This can only be done by heating the outside of the wall 
Ti by such mechanical means as passing waste gases about it. 

■ Bulletin 8. Bureau of Mines. 
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(3) By making A or the area of the walls and roof relatively ' 
small and r, the thickness of the walls, relatively large. 

In the ordinary rectangular reverberatory furnace we are tied, to 

a certain extent, in that the strength of the furnace demands a 

certain ratio of r to A. We cannot make r indefinitely large, on 

account of the high cost of furnace brick and material. But we 

A 
can evolve and select a form of furnace in which the ratio — will 

be the smallest possible to effect the completion of a certain 
amount of work. It is plain at once that the furnace of rectangular 
horizontal section is one which is very far indeed from fulfilling 
this condition. The sphere is the most ideal form, followed by 
the cube. 

Considerations (1) and (2) suggest immediately that we should 
insulate or heat the outside of fire-clay roofs, walls and hearths, 
and Water-cool magnesia when used in furnaces. 

We have been doing this to some extent in practice. The 
roofs of furnaces are often protected by a covering of ashes, 
coke braize or sand. Magnesia walls are generally jacketed be- 
cause it was soon found that they apalled leas and were more 
resistant to the corrosive action of slags and oxides. These mag- 
nesia walls were sometimes ruined when they were not water | 
cooled; because their porosity and permeability was increased 
at high temperatures. Hence the modulus of heat conductivity I 
was increased and therefore also Q, or the flow of heat, became 
greater, and further, the increased porosity allowed the slags to i 
penetrate the mass and corrode it more quickly. 

An important question is, how much heat may we save by 
methods of reducing Q, by keeping K low, and by making Ti — 7*1 
small, by insulating or by heating the outside walls. It is im- 
possible to state this definitely. We know that a blast furnace 
loses about 4 per cent of its total energy by radiation and 
flow through walls. Reverberatory furnaces lo.se a larger pro- 
portion, For example, let us consider the loss of heat by flow 
through walls and roof of a copper reverberatorj' furnace 30 i 
meters (100 feet) long, 6 meters (20 feet) wide and Ij meters 
(5 feet) in average height from the top of the bath to the roof, or | 
2 meters from the hearth to the roof. Let us consider the hearth | 
or bottom perfectly insulated. Let the roof be 25 centimeters | 
{one brick) and the sides 1 meter (3 feet 3 inches) thick, with | 
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the inside temperature at 1400° C, irnd the outside of the walla 
100° C. 

Suppose the fire brick has a modulus of conductivity on an 
average, considering temperature and slight variation in chemical 
and pliysical composition, of 1.2 kg. cal. hr. First consider the 
loss through the walls. 

7". — T, 



Then, 



Q = K' 



, 1400 - 100,, 



= 1.2 X \ ((2 X (30 + 6)} X 2). 

= 224,900 kg. cals. lost per hour. 

Now such a furnace in treating copper ores would smelt about 
10 tons an hour with a coai consumption of about 1\ tons. Sup- 
pose the coal has a calorific value of 3000 caia. This means one 
ton has 3,000,000 kg. cals. and 1% tons have 2| X 3,000,000 = 
7,500,000 kg. cals. Therefore, the heat lost in the walls is about 
3 per cent. Under some conditions the walls would be about 
half a meter thick. Then Q = 449,800 kg. cals. and the heat 
loss becomes 6 per cent. 

In the roof the loss will be, supposing the outeide temperature is 
200° C.| and the thickness of the roof 0.4 meters: 



= 1.2 



1400-200 



(30X6). 



This supposes the roof to be flat. But it is an arch. This 
difference offsets the relatively smaller quantity of heat con- 
ducted through the roof as determined by Ray and Kreisinger. 

Therefore Q = 1.2 X 1200 X 180 X ^ = 650,000 kg. cal. per 

hour, which is 9 per cent of the total heat developed in the fur- 
nace. The total heat lost in this case is from 12 to 16 per cent. 
The greatest loss is in tlie roof. It is a question whether this 
heat could be preserved by the simple means of insulating with 
ashes, sand, etc., or, better atill, by one of the asbestos mixtures 
sold in the trade; or whether the increased life of the material 
in roof and lining which is cooled on the outside would not 
counterbalance any saving in fuel energy which might be obtained 
by insulating, and therefore endangering the life of, the refractory 
material. 
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Clement and Egy * determined the heat lost in the walls of a 
210-H.P. Heine boiler, which contained 364 square feet of surface 
and were 20 inches thick. The average temperature of the in- 
side of this area was 1400° F. (755° C.)> and of the outside 150° F. 
(65" O- The value of K for the fire brick was 0.92. 

Then Q = 0,92 — — X 364 in kg, cal. per square foot per 



foot hour !■*. 
To change to metric measure, 

100 
= 43,400 kg. cal. per hour or 172,000 B.T.U, per hour, which is 1.6 
per cent of the total heat generated. 

Shape of Furnace. — It is apparent that by making r in- 
finitely large in the forgoing discussion we could have made the 
loss of heat Q very small. It is equally true that by making A 
very small at the same time that (T, — Tj) is kept within reason- 
able limits we reduce the loss. Supposing we keep Ti — Tx 
constant and K constant, how can we get the lowest value for Q? 
If we work with a large furnace we make A relatively small. 
That is the first solution of the question of economical operation 
of furnaces. 

Let us then ask in what shape of furnaces can we make A 
smallest while keeping r relatively lange? Naturally in a sphere. 
A cube would come next, and our usual shape, a long narrow and 
shallow furnace, would inevitably prove very uneconomical. 

Mr. Carl Hering t has calculated tables and drawn curves show- 
ing the variation in the loss of heat in bodies of all shapes with 
the different thicknesses of the furnace walls. He compares 
especially spheres, cubes and cylinders. With the curves showing 
the loss of heat as a function of the thickness of the walls for spheres, 
cubes and cylinders, Mr. Hering shows that, for a given interior 
volume and the same relative thickness of walls, a furnace of 
spherical form loses less heat by conduction than a cubical furnace. 

We use the present type of reverberatory furnace because the 
heat from the fire box may be realized in this form to the greatest 

• BuUeUn No. 36 University of Illinois, 1911. 

t MeUdlurgical and Chanicid Bngitieering. Page 97 (Februiiry) and pn^e 
159 (March), 1912. 
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possible extent and because of the difficulty of constructing an 
arch of more than 20 feet base, which will stand the severe strain 
to which the brickwork is sulijected in heating and cooling. 
Nevertheless it would seem as though the furnace approaching 
the cube, namely, with square horizontal section, might effect 
some economy, provided its length was not less, or not much 
less, than the present measurement of such furnaces as the 
Anaconda reverl>eratories and that it could be safely constructed 
with a long low-arched roof. This would probably be a more 
difficult problem than that of the realization of the calorific value 
of the fuel, for the present length of the furnaces might be taken 
as the one side of the square, the present width of the furnace in- 
creased, along with the length of the line of fire boxes, which 
would, of course, have their working doors along the whole length 
of one end of the furnace. With every foot increase in width it 
would seem, on theoretical grounds, that there might be a con- 
servation of the heat now lost through the furnace walls. This 
method of construction is much more feasible to-day, since the 
process of "claying" the side walls by hand has been abolished 
in many works. 



CHAPTER XII 

REFRACTORY HOLLOW WARE 

Capsules, Crucibles, Retorts and Muffles. — This ware may 
be divided into thrc*! classt's: 

(1) Those which serve to impart the heat to, but protect from 
gases, the actual veasel containing the fusion. Such ware includes 
muffles. 

(2) Those in which the fusion is directly conducted in the vessel 
which is exposed to the fire gases; crucibles are of this class. 

(3) Retorts and mufRes intended for distillation and used 
chiefly in the zinc industry and in gas works. 

Classes (!) and (3) must be made to withstand sudden changes 
in temperature. Quite especial care must be taken in making the 
gas retorts, since they must withstand the changes of temperature 
incidental to the drawing and feeding of the charges. The dis- 
tilling vessels used in the metallurgical industry must be able to 
resist the attack.-, of the metal fume. Class (2) must, in addition 
to possessing the qualities demanded of (1) and (3), be physically 
strong to support the fused or boiling mass inside, and chemi- 
cally constituted to resist the action of slags, oxides and metal or 
metallic combinations. To satisfy these demands, clays are used 
which combine a sufficient degree of refractoriness with the 
capacity for bonding a mass of well-burned and dense fire-clay 
grog. Since the addition of grog raises the temperature at which 
the clay burns to a dense mass, the burning point of the clay 
selected should be relatively low, that is, about Soger cone 1 to 3 ■ 
(1150° to 1200°). 

Capsules. — Capsules used in ceramics are open dishes with 
perpendicular sides, in which crockery, porcelain and stoneware 
are set before being placed in the burning furnace. The capsules 
serve the purpose of protecting the ware from the influence of the 
fire gases and ashes. 

The capsules should not contract when fired, or crack at sudden I 
changes of temperature. They must be inexpensive and last I 
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many campaigns. They must be strong to bear tiie weight of the 
pile of upper capsules and their contained jwrcelain or stontiware. 
The clay of which they are made must be free from pyrite, gypsum, 
or gas-making or fluxing constituents; it must be homogeneoua 
and make a smooth and even surface. The better made the 
capsules, the cheaper will be the ultimate cost of the stone or 
porcelain ware. The sides are made one-half to one inch thick, 
but the thinner are preferred. The clay chosen must be suffi- 
ciently plastic to absorb a considerable quantity of grog made 



Fig. 84. — Propiiriilion of Cupsuloa. 

from broken capsules. Generally two or three clays are mixed to 
obtain the desired properties. Some mixture-s are: 

(1) Two parts lean clay, one to two parts grog, 

(2) Two parts clay, four parts raw kaolin, three parts grog. 

(3) The mixture used at Sevres consists of two parts plastic 
clay with throe parts capsule grog. The clay is dried and ground, 
and then mixed with the requisite quantity of grog and raw 
kaolin, soaked and mixed. The capsules may be moulded with a 
pattern (c) or on a wheel (d) ; the resulting capsule is represented 
by e (Fig. 84). After they are formed the capsules are dried in 
racks. When thoroughly dry they are burned in the ordinary 
porcelain or liiscuitware furnace. 

Muffles. — Muffles are made in many shapes and sizes to 
serve various purposes in the world of ceramics, of metallurgy 
and of industrial chemistry. They are used like capsules and 
the vessels to be heated are placed in them; thus they are dis- 
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tinguisbed from retorts which are shaped in a similar fashion, 
but differ in that they are charged directly with the material to 
be heated or fused. Cross-sections are rectangular with the top 
slightly arch(?d, semi-cylindrical with flat bottom, or semi-elliptical 
with the long axis along the bottom. The temperature to which 
they are exposed and the changes and numbers of heats demanded 
of them vary in the different industries. In metallurgy the claims 
are most severe; they must stand temperatures of 1200° and 
1300° C and sudden changes. In ceramics they are used as a 
rule for holding ware which burns at a low temperature; con- 
siderable heat is required, however, when enamelled iron ware is 
burncei iu muffles. Sizes vary from a width and height of a few 
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Fia. 85. — Sections through Shapes of Mnliii .- n 

inches to several feet, and the thickness of thi' clay from one-third 
inch up. Generally it is between one-half and one inch. 

Mixtures for muffles are made generally of about one part of 
plastic clay to one or two of old muffle grog, the size of the grain 
of the grog increasing the size of the muffle. Kerl prescribes for 
the German muffle-s the following mixtures: 

(a) For large muffles: one part Westerwald clay,* one part sand- 
bearing clay, four parts grog (fine and grain from ^V inch to J inch). 

(b) Eight parts Halle clay,* seven parts grog (grain of ^ inch), 
two parts grog (grain of -^ inch). 

(c) For smaller muffles; one part Waldenbui^ clay,* one part 
grog (grain of -^a inch). 

(d) Two parts clay from Halle,* one part grog (grain of ^ inch), 
one part sawdust. 

The sawdust makes the mass somcwliat porous and therefore 
resistant to changes in temperature. 

* A plaatic refractory clay. 



REFRACTORY HOLLOW WARE 



231 



The moulding of the muffle is often done by hand. The clay 
mixture is kneaded and flattened. It is then tamped into a 
wooden form ; the inside measurements of this represent the outside 
dimensions of the muffle. After the mass is tamped in to make the 
required thickness the inside is smoothed, the wooden mould taken 
apart and removed. Small mufBes are sometimes formed round 
a cone, or they may be made by pouring the clay into a hollow 
mould of the shape of the muffle or they may be squirted through 
a die in a combined pug and auger machine. After moulding 
the muflies are dried and burned. For patching muffles and point- 
ing the interstices between them and the brickwork of a furnace, 
mortars of fire clay and asbestos, of plaster fire clay and grog and 
of fire clay alone may be used. 

Crucibles. — Crucibles must combine density with qualities 
of resistance to fire and chemical influences of oxides, slags, sul- 
phides and metals, and mechanical strength to bear the pressure 
of the heated charge. They should not crack or break with sud- 
den changes in temperature. The industry of making crucibles is 
large and increasing. The steel, alloy and electrochemical indus- 
tries call constantly for larger quantities and better grades. The 
assayers', jewellers' and chemists' needs are constant; in the 
ceramics and silver- and gold-refining industries larger quantities 
are used. 

It is not remarkable then that crucibles are made of absolutely 
proven refractory materials to serve manifold and various kinds 
of purposes. The fire-clay crucible made in aU sizes is still the 
favorite, followed closely by the graphite and iron. 

Fire-clay Crucibles. ^ The most satisfactory clays for cru- 
cibles are those which bum dense at comparatively low tempera- 
tures and at the same time, when mixed with burned clay or grog, 
do not glaze at higher temperatures. Clays which become stiff 
and glassy at high temperatures do not suffer sudden changes of 
temperature without cracking. 

Analyses of suitable ckys are as follows: 

Silica, 44 to 66 per cent | Total silica and alumina, generally 

Alumina, 25 to 35 per cent ) 80-88 per cent. 

Ferric oxide, 1.5 to 3 per cent. 

Ume and magnesia, up to 1 per cent. 

Loss on ignition, 9 to 18 per cent. 

K,0, 1 to 2 per cent. 
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In order to obtain the desirable mechanical, physical and chemi- 
cal properties the clay is mixed with suitable additions of grog or 
burned clay of suitable grain to make a homogeneouB and strong 
crucible. 

English crucibles for melting gold and silver are made of two i 
parts best Stourbridge clay and three parts grog of three-millimeter 
grain. In Germany the general rule is one part of clay to two of 
grog, in France about the same. Beaufay crucibles contain 64.6 
per cent silica, 34.4 per cent alumina and 1 .0 per cent ferrous oxide. 

Freiberg crucibles and scorifiers are made of a mixture of burned 
and unbumed Oberschona clay, free from quartz. 

The material is moulded by hand or with the help of cores or 
forms of the shape desired. They are dried slowly in chambers 
or on a hot floor for several weeks at a temperature of about 1 
30° C. and then burned. 

Quartz-bearing Clay Crucibles. ^ An addition of quarta, 
homogeneously worktid into the clay so that in the heat it forms a 
stiff skeleton, makcis the resulting crucible resistant to alternate 
heat and cold. It lessens its power of resistance to chemical agents 
and fluxes with metal oxides and alkalis. ' 

Hessian crucibles are made of equal parts of Grossalmeroder clay i 
and sand of regular even grain.* Quartz vessels are now prepared I 
from pure quartzite and find favor in chemical laboratories. 

Carbomiceous Crucibles. — To this class belong all crucibles ' 
which contain carbon in some one form or other, such as coke, 
graphite and charcoal. These crucibles fill a special rflle in tlie 
steel and other industries and are almost indispensable. The | 
carbon of the crucible is infusible, and because it prevents the | 
influence of oxides, the crucible is long hved. It also assimi- j 
lates the mixture of clay with which it is generally worked to make ( 
a suitable mass for the moulding of crucibles. Of all the forms of 
carbon used, graphite is the most satisfactory since it is the densest j 
and most inflammable. All the forms of carbon are good heat ] 
conductors, so that a graphite or carbon crucible is a good heat | 
distributor. A beautiful, smooth and even surface may also be 
assured in a graphite crucible, so that the pourii^ of a charge is 
simplified and the opportunity for corrosion by the char 
decreased. 



• SeechapteT"Rei'ra(](oricsused ii 
IndusLries," page 184. 
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In making cruciljles from a mixture of clay and graphite, such 
as the valuable ware of the Joseph Dixon Company and of Messrs. 
Morgan of Battersea, the utmost care must be exercised in select- 
ing graphite of suitable character. It should be of such density 
as to be relatively inflammable, must have a low percentage of 
ash and possess a long cleavage and leafy structure. Ceylon and 
some American graphites like Ticonderoga are most satisfactory. 
The clay used for admixture with the graphite need not be of 
extraordinary degree of refractoriness since the graphite protects 
the clay. In burning the crucible it should be painted with a 
solution of water gla.ss or soda solution. Sometimes 3 to 5 per cent 
of feldspar is added to the crucible mass. This vitrifies and 
absorbs the dust in the fire gas during the bummg. If the clay 
used is fused at a fairly low temperature, no addition of protective 
covering or slag will be necessary. Grog and quartz sand are often 
added to the mix-ture. The former prevents premature cracking 
and the latter lessens the shrinkage during the process of burning. 

The Manufacture of Graphite Crucibles. — The mass of mix- 
ture used depends on the quality of the fire clay and graphite and 
on the purpose for which the crucible is intended. On an average 
one to three parta clay are mixed with one part of graphite, Some- 
times the mixture used consists of fire clay (about 75 parta), quartz 
(about 25 parts) or chamotte (somewhat leas than 25 parts) to 
everj- 100 parts graphite. For the highest class crucibles larger 
proportions of graphite are used. 

The quartz should be free from dust and from iron in all com- 
binations. It should be in the form of clear grains about pinhead 
size. The crucibles of the English Plumbago Company were made 
of equal parts Stourbridge clay and Ceylon graphite and contained 
52.6 per cent carbon. Hessian graphite crucibles are made of graph- 
ite, kaolin and Hessian fire clay in which the graphite is about 50 per 
cent of the mass. The crucibles made for the antimony industry 
in England are composed of 44 parts graphite to 200 parts clay. 

Some French crucibles are made as follows: six parts of Gironde 
clay and seven parts of grog made of the same clay and crushed 
and screened. The reject of a 20 mesh is mixed with four parta 
graphite, one part cru<rible grog and one coke. The whole is ground, 
mixed, kneaded, and moulded into forms, dried and burned. The 
following analyses * of crucibles represent present practice. 

* Handbuch der gemimmlen Thonwaareniiniuslrie, von Bruno Kerl, p. 654. 
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Coke and Charcoal Crucibles. — These are in reality crucibles 

of clay to which has been added a small quantity, not more thaa 
10 per cent, of coke or charcoal. Larger quantities make the 
crucibles porous and increase the degree of contraction. The 
carbon in this form is more combustible and more easily absorbed 
by the steel or other charge in the crucible. Some English mix- 
tures are: 

(o) Nine parts Stourbridge clay, 1 part coke fines, 2 parts 
crucible grog. 

(6) One hundred parts Stourbridge clay, 100 parts Stannington 
clay, 10 parts crucible grog, 1 part coke fines. 

A German mixture: 30 to 35 parts raw fire clay, 45 to 50 parts 
burned fire clay, and 15 to 20 parts coke. 

So-called charcoal crucibles are sometimes used in the steel 
industry. These are composed of a mixture of about 9 parts fire 
clay, 14 parts grog and 6 parts charcoal. By the addition of saw- 
dust or charcoal dust the crucibles may he made porous. Crucibles 
of carljonized wood, made by turning the shape from suitable 
wood and carbonizing, and coke crucibles, competed of fine coke 
bonded with pitch and burned under cover so as to exclude air, have 
been usetl without giving great satisfaction. 

Preparation of Crucibles, — The clay is dried, cleaned, 
crushed and sieved. The grog is made by burning the raw fir© 
clay or is prepared from broken crucibles. The graphite is milled 
in small edge runners which break the mass up into scales. The 
constituents of the mass are then carefully weighed so as to corre- 
epond to the calculated charge and then thoroughly digested with 
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water in a small pan mill until the mass has the consistency of 
dough. 

The paste is then rollpd into halls or blocks and stored under 
wet cloths in cellars until the mass is homogeneously saturated 
with moisture. The crucibles are moulded hy tamping the mass 
into wooden or metal mouids,by moulding over a core or by throw- 



— Throwing Cliiy Vnssels on the P.ittir'w Wlieol. 

ing on a potter's wheel. For further descriptions of the details 
of the work of moulding crucibles the reader is referred to Kerl." 

Drying Crucibles. — Crucibles are dried slowly and the tem- 
perature is gradually increased until the crucible is completely 
dry. Too speedy drj-ing causes large loss through cracking. 
Drying chambers may be heated by steam pipes or they may be 
built above and about the burning kiln. Sometimes two drying 
chambers are used; in the first the drying may be effected in a 
closed room with steam at a temperature of about 30° C. while the 
second drying may be done at a temperature of about 50° C. in 
a chamber through which the hot gases from the kiln may pass. 

Burning Crucibles. — It is seldom that the crucibles made for 
home consumption by steel and other manufacturers are specially 
burned. After being thoroughly dried they are subjected to a long 

' Hattdbuch der geaammlea Thonwaarenindustrit, pp. 956, 9S7, and 958. 
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preliminary heating before being charged. In the case of smelt- 
ing charges in crucibles placed in reverlieratory furnaces the dry 
crucibles may be charged and set in the coolest end of the furnace 
and gradually moved down toward the pot or fire-box end. 

If the crucibles are specially burned this operation should be 
done at a relatively low temperature. Fire-clay crucibles are 
burned at Seger cones 7 to 12 (1310 to 1370° C); graphite crucibles 
between cone 018 and 010 (710 to 950° C). It is neces-sary in burn- 
ing the graphite crucibles that they be protected from burning by 
placing them in capsules or muffles. If the graphite should be 
burned to a small extent on the surface which will be indicated by 
a brownish color it is usual to prepare the <Tucibles for the market 
or smelting house by rubbing fresh graphite over the surface. 

Protective Coverings for Crucibles. — These are often used 
in order to protect the crucibles from the chemical attacks of the 
charge, to prevent the absorption of mt>isture by the crucible and 
also to increase the refractoriness at high temperatures. These pro- 
tective coverings may be composed of mixtures of clay and graphite. 
A nuxture of one part of fire clay and three parts of graphite 
painted to a thickness of half an inch is said to increa.se the lite 
of the crucibles used in the smelting of manganese ores. Some- 
times the crucible is dipped in tar which is carbonized at a moderate 
temperature in the reducing flame. Crucibles are protected from 
damage in transport and from the absorption of moisture by 
painting with a varnish of resin, gum or pitch dissolved in tur- 
pentine or alcohol. Sometimes the crucibles are glazed by dip- 
ping in a solution of chloride of lime and by painting on a paste 
consisting of 8 parts of powdered quartz, 15 parts of clay and 5 
parts of lime. A coating of two parts of magnesia, 2 parts of fire 
clay and 1 part of quartz burned into the crucible protects the 
charge against the reducing influence of graphite. Efforts have 
been made to increase the refractoriness by painting crucibles 
with some of the carbides, such as carborundum, and melting 
them on the crucible with the heat of the electric arc. Paints of 
amorphous carborundum may !>e made by mixing it with water 
glass or boric acid. After painting this on the crucible the latter 
is burned. There is no doubt that for certain purposes these pro- 
tective paints increase the life of the crucibles. Sometimes the 
crucibles are coated with highly refractory oxides such as alumina. 
This is done by dipping the crucible into melted cryolite. The 
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refractory oxides with a high melting point may be fused by means 
of the electric furnace. 

Special Crucibles. ^ For purposes in which the molten charge 
may not be brought into contact with siUca or cartwn, crucibles 
may be used which arc made of lime, magnesia or alumina. Lime 
crucibles of small dimensions are made from pieces of burned lime; 
in order to preserve them from damp air these may be kept in 
paraffin. The smaller crucibles are made on the turntable. The 
larger sizes are produced by tamping, first of all, a fire-clay crucible 
full of black lead or soot and then scraping out the core to the size 
of the required crucible; in this hollow burned lime is stamped and 
in this, again, a space is hollowed out which will have the interior 
dimen^ons of the crucible required. By another method the 
lime may be moulded around a core and this shape placed inside 
the original double-walled crucible of fire clay and lampblack. 

De Bois makes crucibles from a mixture of aiUca and heavy 
8par by milling, washing, filtering and pressmg the mixture and 
moulding the shapes and burning them. Magnesia and less often 
chrome crucibles are formed alwut a mould in an electric furnace. 
Magnesia Crucibles. — Mr. George Weintraub,* of the General 
Electric f 'Dnipiinv of Schenectady N. Y., makes refractory articles 
tfniagnesia, alumina, thoria, etc., with- 
out the use of a binder. The magne- 
suim oxide is first heated in an electric 
furnace to a high temperature in order 
to let it assume a stable condition. 
1 his firing causes the magnesia to cake 
t( igt ther so that regrinding is necessary. 
It IS ground to the fineness of flour in a 
tubt mill. A mould is then made for 
the article to be produced, say, a cru- 
cible This mould is made of carbon 
or graphite and a layer of the powdered 
magnesia is placed on the bottom. A 
c irbon or graphite plug is now placed 
centrally in the crucible upon this mag- 
nesia layer. It is surrounded by a layer of paper which permits the 
magnesia to shrink when heated. When moulding a crucible of 
25 inches inside diameter, a paper of from t'b to | inch thickness 
* MelaUvTgkal and Chemicai Engmxring, VoL 10, p. 308. 
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is suitable. The space between the walls of the mould and the 

paper-covered core la then filled with magnesia powder and 

packed to a certain degree by shaking and bump- ^ 

ing. The mould is now placed in an electnc fur- f j 

nace and heated to about 1500° C. When finished 

and the mould is cooled, the walls of the magnewa 

crucible contract upon the layer of loose paper 

carbon, so that cracking is avoided. The finished 

crucibles are smooth, homogeneous and ^trong 

and may be safely handled and may even be 

worked on the lathe. Tube^ may be made in 

the Bame way.* 

Another method of doing this is shown in the 
accompanying figure;t b-b represent the carbons 
and a is a carbon tube which acta as resistant. 
The hollow charcoal tube is filled with pow- 
dered magnesia and on applying the current, 
fuses and runs down over C which shapes it 
into the required form and dimensions. Other 
crucibles of this order are the plastic, asbestine 
or magnesia silicate ware. Serpentine, chlorite and talc may also 
be used. 

Asbestos Crucibles. — Asbestos has the property of holding 
crucibles together and often saves a charge when the crucible 
cracks. It is used in admixture with fire clay, magnesia and other 
materials. One mixture consists of: burned fire clay, 10 parts; 
graphite, 10 parts; asbestos, 15 parts {the threads may be not more 
than one-eighth inch long); quartz, 3 parts, and fire clay, -22 parts. 
Another mixture consists of 3 parts fire clay, 2| parts graphite, 2 
parts powdered asbestos, \ part magnesia, 3 part quartz. The 
whole is mixed with water glas-s and moulded. The asbestos itself 
is not particularly refractory and at high temperatures deteriorates 
and crumbles. Alumina crucibles are made by mixing together 
alumina and fire clay. Crucibles are made from molten 
by placing a suitable core in the pure molten alumina and allowing 
it to sohdify slowly. The alumina is in the form of cryolite or other 
pure mineral and is melted by the heat of the electric resistance or 
arc furnace. 

• U. S. Patent, 1,022,011, April 2, 1912. 

t Kerl, Hajuibuck der gesammleii ThoHwaareninduslrie, p. £ 
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Zinc-distilling Vessels. — These serve in distillii^ zinc from 
its ores and must be alile to resist the action of not only molten 
zinc and impurities like lead but the fume and gas from these 
metals. 

An extreme refractorinesa against high temperature is not so 
much desired as a material resistant to the chemical influence 
developed in heating these zinc ores and materials. The distilling 
retorts and vessels in the zinc industry are made largely at the 
smeltery, since special care is required and the successful operation 
of the plant depends on the character and life of the retorts. The 
life depends greatly on the degree of density produced in the clay 
mass in burning. The lean burned clay (chamotte or grog) should 
not shrink on heating. It is to be mixed with just sufficient 
plastic clay and water which permits the moulding of the retori^ 
and shapes and adds sufficient mechanical strength to the mixture 
BO that it may not crack prematurely. This latter quality of 
strength is also imparted in part by working and kneading and by 
stamping the mass previous to moulding it. Two distinct kinds 
of vessels are used in zinc distillation, the retorts, or cylinders, and 
the muffles. The use of the retorfs, or cylinders, is general in 
Belgium, England and America; both muffles and retorts are 
used in Germany. Silcsian practice favors the use of muffles, the 
Rhenish works prefer, as a rule, retorts. 

Retorts. — The Belgian retorts are circular in cross section, and 
the Rhenish are elliptical. The former are used in the majority of 
American works, althougli at least one large plant has installed 
the Rhenish. One Belgian furnace consists of about 80 retorts 
arranged in four or five rows one al>ove the other and all slightly 
inclined upwards away from the front of the furnace. In America, 
a single block or double furnace, that is, a furnace with two work- 
ing sides towards which retorts are inclined, holds from 200 to 800 
retorts. The muffles are the largest, the elliptical sectioned retorts 
being somewhat larger in cross section than the cylindrical ones.* 
The elliptical retorts are stronger, and may, therefore, be made 
longer than the cyUnders and at the same time may be made of 
jctional area. The walls do not need to be so thick, 
aa in the cylinders, since the retort is better braced by its shape 
and stronger- The retorts do not exceed 6 feet in length in the 
e of the muffle, or 5 feet in that of the Belgian and Rhenish 
* IngaUs " Metallurgy of Zine and Cadmium," p. 217. 
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shapes. The cross-aectional area of the muffles does not exceed 
27 inches by 6 inches; of the retorts 13 inches by 8 inehes; cylin- 
ders 8 inches in diameter. Cylindrical retorts, with walls one inch 
tliick and butts 2 inches, measuring from 46 to 5S inches in lei^th, 
with a diameter of 7 inches, have an inside volume of from 1693 to 
2155 cubic inches and weigh from 86 to 107 pounds. To find the 
weight of clay required to make these it is only nec&ssary to cal- 
culate the proportion of grog used in the batch and the percentage 
of water in the raw clay, which burns dry. Muffles weigh from 
450 t« 600 pounds. These take a charge of about 250 pounds of 
ore and fuel; cylinders hold from 50 to 90 pounds. They must 
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1, liheni.Hh and Belgian Retorts with Condensers. 



carry these weights comfortably at high temperatures. Yet the 
walls may not \>e made too thick or the transmission of heat to the 
charge will be delayed and the reduction distillation made tedious 
and costly. 

W. R, Ingalls states clearly the requirements of the batch in the 
manufacture of crucibles and 1 quote freely from his book, " The 
Metallurgy of Zinc and Cadmium." As in most departments of 
ceramics the zinc smelter does not bother to make teihiiu.s experi- 
ments with refractory materials with a view to obtaining the best 
possible mixture or batch, but having obtained a clay which bonds 
with chamotte, is reasonably refi'actory and burns dense and 
strong, he is disinclined to continue further investigations. At 
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the same time his choice la made difficult by the fact that the 
most refractory clays do not make the best bonds with chamotte 
and do shrink considerably in Ijurning, while tho dense-burning 
clays, which shrink little, are less durable. The smelter's chief 
aim, then, is to make a judicious mixture of the two. Although 
the chemical composition of the retort batch varies it is always 
composed of raw fire clay and crushed chamotte. The chamotte 
consists invariably of fragments of disused or faulty retort's which 
are selected so as to eliminate the pieces which are saturated with 
metal. These are ground to rough, angular splinter grain. To 
make special high-grade refractory retorts it is advisable to use 
fresh chamotte, that is, burnt virgin clay. The percentage of zinc 
in the broken retorts varies from six to ten per cent. The larger 
content makes the use of the old retort material prohibitive. 

Although we may accept the axiom that the batch should be 
low in fluxing bases, such as the oxides of iron and the alkalis, yet 
it is well to prepare the mixture with a view of meeting and ro- 
asting the efforts of the gai^ue of the ore to make a neutral slag. 
With, for instance, an ore carrying high silica it is well to make 
the batch more siticious by the addition of such material as quartz 
or an arenaceous or silicioug clay. The American raetaUurgiet m 
more fortunate in his choice of clay materials than his European 
brother. The deposits of New Jersey and Missouri offer a wide 
choice of excellent clays. Ingalls* reports many analyses of retort 
material lx)th in Europe and America. Suffice it to say that the 
satisfactorj' retorts show content of silica varying from 44 to 70 per 
cent and of alumina from 20 to 45 per cent. The content of metal 
and alkaline oxides must not be much above 2 per cent. It serves 
little purpose to give the many analyses of different retort batches 
in this place, sin(!e the chemical composition alono is insufficient 
guide in the choice of a clay. The various refractory companies, 
the steel and the general metallurgjcyil industry are in a more favor- 
able position now, in knomng the qualities and particular fields of 
use of the good American clays. Too much praise cannot be given 
to the various State Geological Surveys for their efforts in making 
the public conversant with the results of their examinations of the 
eJay deposits of North America. 

• " Metallurgy ot Zinc and Cadmium," pp. 225-228. 
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Pheparation of the Charge or Batch for Retorts and " 

Muffles 

Grinding. — The clay and chamotte are first ground in pan 
mills in wliich two rolls "chase" one another on a pan on to which 
the batch is feti, or between vertical rolls such as are used in coal 
and ore crushing. Other mills used are of the coffee-mill type. 
The roller-chasing type of dry pan is most used. 

The clay should not be ground to impalpable powder; usually 
a 2-n3m. grain is used. The chamotte should be coarse (about 
5 mm.) and the grain rough and angular so that it will bond well 
with the plastic clay. 

For lai^er ware the chamotte may be coarser but it tends under 
these conditions to make the ves.sel porous, pervious to gasea 
and physically weak. An admixture of some chamotte is indis- 
pensable. Depending on the coefficient of shrinkage of the clay 
used and its capacity to bum dense, varying proportions of cha- 
motte are used. Generally 3 parts of chamotte are mixed with 
two parts of raw clay; the chamotte consists, in general, of part old 
material and part newly burned clay. The latter may be replaced 
iQ some part by lean materials, such as coke dust, which lends 
smoothness and finish to the burned product and counteracts the 
tendency to crack, Sand is sometimes used instead of coke dust 
but in smaller quantities. 

When milled and ground the mass is mixed and kneaded with 
water. This may be done by shoveling on a floor and mixing in 
the water, rolling the mass into balls and tempering these in a cool 
room under wet sacking so as to distribute the moisture homoge- 
neously throughout. This procedure may be carried out in a hori- 
zontal pug and kneading mill. This consists of a horizontal shaft 
fitted with blades and completely confined in a casing. The mass 
is fed in at one end and worked by the revolving knives to the other. 
These machines are about eight feet long. 

In Germany the retorts are formed by hand in a mould with or 
without a core but are generally pressed by an auger machine in ' 
America. These auger machines are either horizontal or vertical. 

The clay is dumped into the cyhnder, which is provided with a ' 
vertical or horizontal shaft fitted with blades set at a suitable 
angle, which press the clay downward or forward, and force it 
around a core, the dimensions of which represent the clear measure 
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of the retort, and through a die plate into a receiving form. When 
a clay cylinder or retort of the required length has been made, it 
is cut by a wire Imnging beside or above it. A butt is added to the 
retort sometimes by tamping in a section above the retort about 
8 inches in diameter and 2^ inches thick. The receiving form is 
made in sections. The retort is kept in this form during the first 
two or three days of drying. The receiving form is made of three 
wooden segments, generally in two parts, a longer upper and a lower 
section. The wood segments do not close tightly about the retort 



F to — Preparat on of Z nc ReUirta 

but allow the insertion of staves. The whole is held by iron rings 
and clamps, as is seen in the illustration* (Fig. 90), so that the form 
may be easily removed when the retort is firm. The retorts dry 
ten to twelve days in the air and about fifty days in the hot room. 
Hydraulic presses are at times used instead of the pug and auger 
mill in moulding the retorts. 

In at least one plant in Belgium the column of solid clay, which 
is formed by working the batch in a long canvas sack, is reamed 
out to make the retort. 

* Ingalb, "MetallurRj- of Zinc ami Oartmiiim," p. 236. 
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Attached to the retorts, when in use in the zinc furnace, are con- 
densers of fire clay in which the fume condenses to metal. These 
are made from a batch of less refractory quality, but of similar com- 
ponents to those used ia making retorts. These condensers are 
handled considerably and last only ten or twelve days. They nmst 
therefore be inexpensive.* In America the simple conical condenser 
is used and measures from 24 to 18 inches long by 5| to 2^ inches 
in diameter, with wails 2 inches thick. They are moulded by 
hand alxjut a mould of the external shape and formed by a core of 
the internal shape. 

In Germany they are moulded by folding a sheet of clay of 
the required thickness about a wooden form. They are dried for 
many weeks. Both retorts and conden.sers are burned carefully 
in kilns or annealing furnaces. Sometimes the retorts are glared 
by painting with a lead-free fusible mixture of salts and clays. 
One such mixture consists of 60 parts clay, 30 parts glass and 10 
parts soda, Common salt, water glass and soda have all been 
used. Glazing is not common in America since the retorts often 
form a kind of glaze or protective coat from their own constit- 
uents. Dried ware is burned in kilns of the downdraft type. The 
retorts are placed vertically on the floor of the kiln which has Ijeen 
covered with ground chamotte. The retorts are tempered from 12 
to 15 hours at a temperature which reaches a maximum of 900° C 
In the zinc districts of America these are often heated by natural 
gas, sometimes by waste heat from the zinc-distilling furnaces, and 
often by coal from a Parsons' or ordinary fire box. The connection 
of the condenser to the retort is made by luting the former into the 
retort with plastic clay. A supply of this is always kept on hand 
to plug up any leaks of the fire gases and any cracks in the furnace 
wall. Defects and cracks in the retort should be repaired with good 
fire clay or plastic fire clay and chamotte. The construction of a 
typical American-Belgian zinc-distillation furnace is shown in Fig. 
91. t The ore mixed with the reducing agent is placed in the retort, 
which is subjected to the heat of the five gases, and tlie metal 
resulting from distillation is obtained in the attached condensers. 
Fig. 67 shows a Faber du Faur furnace, used for expelling zinc from 
the zinc-silver-lead crust obtained in desilverizing molten base 
bullion by the addition of zinc.t 

* Ingalla, "Metallurgy of Zinc and Codmiuni,'' p. 243. 
t Ibid., p. 4.36. 
J Forkes' Procesa. 
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many they are made from 17 to 21 inches wide, and are from 12 ta 
16 inches high, inside measure, and 7 feet 6 inches to 10 feet long. 
These retorts are perhaps the heaviest pieces produced in the 
refractories industry ; their weight varies from 1000 to 2750 pounds. 
They are made from 2J to 3 inches thick, and in the case of the 
cylindrical retorts with a mouthpiece, this latter will be from 4 to 5 
inches thick. The iron door is fastened to this mouthpiece; it is 
required to bear considerable wear and tear. 

The German Institute of Gas Engineers has determined a scale 
for the dimensions and weight of both elliptical and muffle or 
aemicylindrical-shaped retorts.* 






— Gas Retort. 



The mass used may be either fire clay (1) or silica (2). In 
Germany the fire-clay ware is preferred. The batch consists of 
clay and ehamotte {thi,s is the German name for grog) and 
is finding acceptance more and more generally in the United 
States. As a rule one part of plastic clay is mixed with from one 
to one and one-half parts of chamotte. The plastic clay may be 
made of a mixture of different clays, sometimes with the addition 
of highly refractory kaolin and clay schist. The chamotte is 
made by burning clay or it may be composed simply of broken 
refractory clay products like retorts, crucibles and capsules. It is 
of great unportance that the surface and the form of the chamotte 



• This 



ia published in Kerl, Handinich der Thonwaareninduitrie, p. 988. 
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graiiLs should be slmrp and rough so as to effect a good bond with 
plastic clay. The size of these grains should be above one milli- 
meter. Anything which passes through a I-nim. sieve must be 
discarded. As a rule the grain varies from 1 to 6 mm. in diameter, 

Kerl gives several formulas for making the batch: (1) Four parts 
of sifted clay from Halle, 2 parts of siftutl plastic Weaterwald clay, 
8 parts of chamotte about the grain of peas and 2 parts of chamutte 
of pinhead grain. 

At one of the Rhenish works the batch consists of: (2) Forty-six 
parts of chamotte hard-hunied grain, from ! to 5 mm. in diameter, 



- GiiH Retort Pl:iii 



22 parts of plastic Westerwald clay, 27 parts of Ebemhahn clay -and 
5 parts of china clay. 

The clay is generally ground fine and well digested with the 
required quantity of chamotte. This may be done on a horizontal 
shaft and knife pug mill or in a pan mill. The stream of batch 
coming from the mill is cut into balls and dried in order to free 
the mass of some of the water added to the batch. When the 
balls have such plasticity that they may be moulded by hand with- 
out ejecting water thoy are covered with wet cloths and stored 
until their moisture is evenly distributed throughout the mass. 

The moulding of the retorts is done almost exclusively by hand 
in open wooden forms with and without the use of a core. The 
clear dimensions of the mould corresjKjnd to the outside dimensions 
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of the retort. The mould is made up of from 6 to 8 parts which 
may be screwed together. To malie a complete retort a number 
of the moulds are placed one on top of another. In making the 
retort without the use of a core the bottom is first tamped upon 
a wooden foimdation plate and then the periphery is made by 
pressing the batch against the sides of the mould placing one 
mould alxjve another as each section of the total length is finished. 
If a mould is used it should be made of 5 parts, consisting of a 
rentral piece of rectangular section surrounded by four pieces hav- 
ing a cross si^ction vS the shape of a segment of a circle. The 




Fit!. 115. — Method of Holdiug Hi 



five core pieces make a solid cylinder, the dimensions of which 
correspond to the inside measurements of the retort. The whole 
core is necessarily long and heavy; each piece, therefore, is pro- 
vided with an eyelet or a ring so that it may be lifted out by means 
of chain blocks. First of all the bottom is tamped upon the 
wooden foundation plate with a special cast-iron tamping iron 
which has a sciuarc head with a surface cut into teeth. After the 
bottom is firmly tamped it is pressed and smootheti with a wooden 
tamper having an even, smooth surface. The core is c 
in position and firmly wedged so that the distance between the 
mould and the core is the same throughout. Now 6-inch sections 
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are tamped in and after the completion of each section this is 
firmly pressed down and tamped by the tamping iron with the 
rough surface. 

As soon as the mass has reached ahnost to the top of the 
mould another section, is placed upon it and the work con- 
tinued until the whole length has been tamped in. The upper- 
most section is in some cases wider than the rest and forms the 
mouthpiece of the retort. In such cases a larger mould corre- 
sponding in shape is used. The core is now removed carefully 
and the whole retort along with the mould laid horizontal when 
it is smoothed and cleaned, in some cases by means of the hands 
of a workman who crawls through it. The mould is then removed 
and the outside of the retort cleaned and smoothed. 

Drying. — The retorts are dried in a drying chamber with 
which special care is taken to promote the reasonably quick dry- 
ing of the inside which may be done by blowing hot air through 
the retort by means of a fan. 

Glazing. — Sometimes the retorts are glazed when dry in 
order to make them impervious to the passage of gas. Lead 
glazes may not be used; more often porcelain and salt glazes are 
used. The porcelain glaze consists of 84 parts ground feldspar, 
35 parts calcium carbonate, 26 to 91 parts china clay and 54 to 
204 parts quartz sand. It is not necessary that the glaze be 
quite white. The glaze is made into a mixture with gum arable, 
dextrine or some other paste and painted on the inside of the 
retort to a thickness of about one-eighth ot an inch. 

Burning. — The glazed or in-glazed retorts are burnt in 
downdraft kilns of varjoua types such as the Casscler fumacea 
and in the Mendheim and SchmatoUa furnaces. 

The Kulmiz furnace,* which is fired by gas or half gas, is es- 
pecially suited to the burning of retorts. These are placed verti- 
cally on a bed of ground chamotte or sand. The furnace is very 
slowly heated and cooled. The retorts must be homogeneously 
heated to a high temperature and the flames should not IJek any 
part of them. 

When the retorts are taken out of the furnace they are carefully 
examined, the small cracks are brushed with mud, the lai^e cracks 
filled with mortar consisting of graphite, clay and borax or, as 
practiced in one factory, with a mixture of 5 parts ground chamotte, 

• Described in Kerl, Handbach ikr TkonwaureiUndunlrie, pp. 877 and 878. 
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5 parte powdered glass, I part powdered borax. A mixture that 
has been found very serviceable in repairing retorts already in 
use consists of a powdered heavy spar and water glass. 

A number of gas plants in England, Germany and America use 
the inclined retort in which the ends incline toward the central axis, 
thus contracting about 3 inches. In burning, a special head piece 
is moulded on to the retort so that it may stand vertically in the 
burning kiln. This piece is removed after the burning is complete. 

The horizontal retort is being replaced to some extent by in- 
clined retorts and by vertical ovens. In this case no retorts are 
used, the furnace having a structure similar to a by-product coke 
oven. The American retorts are placed 6, 8 or 9 in a block. 
The English and American retorts are about 10 feet long. Of a 
number of gas works reporting to the English Refractories Com- 
mittee * twenty-three used retorts 22 inches by 16 inches in clear 
cross section, twelve used retorts 21 inches by 15 inches and six used 
inclined retorts 24 inches to 21 inches by 16 inches. These reports 
represented 1748 horizontal, 310 inclined and 1 vertical retort. In 
thirty-three works the retorts were moulded and in twelve were built 
in segments. The average life was 797 days without patching and 
1257 with patching and re- 
pairing. The life of the com- 
bustion chamber was 1321 
days. 

The temperatures in the 
retorts ranged from 1558 to 
1909°, in the combustion 
chamber from 2212 to 2397° 
and in the regenerators from 
1220 to 1622° F. The life of 
the checker-work is on an 
average 415 < 

A new departure in methods for prolonging the life of retorts 
ia the procedure of Sewatsch t who makes the head or mouth- 
piece and the bottom separate from the retort itself and allows a 
free space between the heat and the retort which is filled with 
asbestos or a.sbeatos and fire clay. As the retort is heated it ex- 
pands and pushes the asbestos up to the mouthpiece. 
• Joumnl American Gas [rulUute, July 11, 1910. 
t Amerkan Gas Light JounuU, Vol, 2, 1906. 
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A very satisfactory retort in America is made of silica, in small 
sections, and placed together in the block or furnace. These ex- 
pand with the air and become tight fitting. The silica is im- 
pervious to gas and extremely resistant to heat and change in 
temperature. 

Hydraulic presses produce a dense and thoroughly homogeneous 
retort. It is easy to make the irregular elliptical shapes in such 
a press and at the same time provide an even thickness of material. 
Sometimes two sets of presses are used. In the first the cylindrical 
shape is made; in the second this is moulded into the required 
elliptical or other shapes. 



CHAPTER Xiri 

TESTING OF REFRACTORY PRODUCTS AND REFRAC- 
TORY RAW MATERIALS 

The quickest way of determining the refractory qualities of 
brick and fimshed material lies in subjecting a fair sample t« 
beat, or heat ahd pressure, and observing the temperature at which 
it softens, or the contraction or elongation at the temperature to 
which the refractory must be subjected. 

This determination may be carried out in a reverberatory 
furnace, with a hearth area of about 4 square feet, fired with coal, 
oil or gas. If bricks are I>eing tested they are made into a column 
2 feet high and 9 feet square. This column may extend out of 
the roof of the furnace. On the top of the column pig-iron bars 
are placed which amount to from 50 to 75 pounds to the square 
inch of surface. 

The contraction or expansion is measured carefully. From these 
measurements a comparative scale may be obtained showing the 
divei^ence of the bricks under test from the standard require- 
ments. Hollow ware may be tested in a similar manner. With 
this sbnple test is often coupled the test of porosity. This is done 
by heatii^ the brick and vessel to about 90° C. and then placing 
in water so that the upper surface of the brick or vessel is at the 
level of the water, thus allowii^ the air to escape. The difference in 
weight before and after immersion lends sufficient data to calculate 
the porosity, as described later in this chapter. But for compara- 
tive purposes the weight of the water aVisorbed is sufficient, at 
least, to determine the class of refractory materials in which it may, 
on account of its porosity alone, be placed. Coefficients are often 
given, accordingly, indicating the percentage of water absorbed. 

Sampling. — In selecting a sample of pieces of ware for chemi- 
cal or physical examination, it is important that it should be taken 
from a whole section of the brick, and not from comers or frag- 
ments, since these are liable to contain impurities arising from the 
ash or gases of the fire boxes. 
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important determination is that of the amount of water required 
to make the clay plastic or mouldable. The condition of the clay- 
after becoming plastic and its adhesiveness or stickiness will indi- 
cate the degree of workability. To determine the refractory qual- 
ities the clay is cut into bars about 8 inches by J or f inch square. 
> These are dried, and the measure of shrinkage noted. The bars 
are then burned under gradually increasing temperature which is 
checked by the ample use of cones. The furnace is first heated and 




Fig. 98. — The S<^r-Heinecke FiG. 99. — Section through the 

Furnace. Seger-Heinecke Furnace. 

then cones, from 0.7 up to the highest number at the softening tem- 
perature of which the clay is to be tested, are inserted. The degree 
of shrinkage is noted as each cone turns clown until the contraction 
becomes uniform or ceases. A curve may now be plotted. This 
will indicate the temperature at which the clay should be burned 
to produce a sufficiently strong and durable product. This tem- 
perature i.s represented by the lowest point at which the curve 
shows no considerable shrinkage. 

After burning, the bars are transferred to an oven heated to 
800° C. and allowed to cool slowly under factory conditions. 
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The resulting burned product is tlien tested for strength, porosity, 
specific gravity, abrasion and other qualities described later under 
"Testing of Refractory Materials." 

If the clay be sufficiently promising to warrant further testing, 
shapes should be made in an auger machine. Such a machine is 
made by the firm of Mueller of St. Louis; it is provided with a ■ 
number of moulds iu which brick, tile and all shapes of solid and 
hollow ware may be made and then subjected to the more thorough 
tests descriijed later. 

To determine the temperature of softening alone it is neces- 
sary only to make a number of small-sized cones. Two or three 
are selected for each test, placed on a neutral and refractory 
plate and surrounded by a number of Seger cones of different 
numbers. The plate is then placed in a Deville furnace either 
of the original graphite-fuel, electro-resistance or oiled-fired type, 
and the temperature at which the cone of the material under ex- 
amination turns down is determined by comparing it with the 
number of the; Seger cone which softens at the same time. The 
Seger-Heineckc furnace is useful for this purpose. It is made as 
a crucible or a muffle furnace and heated by a series of gas burners 
of the Bunsen type, (See Figs. 98, 99, page 254.) 

Testing of Refractory Brick and Raw Materials. — The ordi- ' 
nary conmaercial tests are of both chemical and physical char- 
acter. The chemical analysis, in most cases, determines the 
content of silica, ferric and ferrous iron, metallic iron (which is 
present owing to the abraded particles from the crushers being 
intermixed with the batch), alumina, and the alkalis and alkaline 
earths. 

In examining the rarer refractories, such as chrome brick and 
the artificial refractory products of Niagara Falls, other deter- 
minations are necessary. 

Of the physical tests made the most important are: The test 
of the crushing strength, made on the side, on the edge and on 
the end of the brick; the specific gravity; the porosity in percent- 
age of the volume and the absorption in percentage of the weight. 
Further tests of the abrasion, of the cohesion and of the expan- 
sion at high temperatures, and the permanent elongation or con- 
traction after heating, should be made. Tests of conductivity 
are important, but demand more time and care than the ordinary 
laboratory can give. 
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For example, a teat made on one of the leading brands of fire- 
clay bricks was tabulated as follows: 
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It may l>e mentioned that building bricks are tested, as a rule, 
for crushing strength, transverse atrongth, absorption, resistance 
to freezing and thawing. The methods of testing building bricks 
are of importance to the maker and user of fire-clay bricks, and 
are described on account of their general interest. 

The proposed standard specifications for building brick sug- 
gested by the American Society for Testing Materials are as 
follows: 

"Sdeciion of Samples. — For the purpose of testa, brick shall he 
selected by some diainlereated and experienced persou to represent the 
commercial product. All brick shall be carefully examined, and their 
condition noted before being submitted to any test. 

" Transverse Tent. — At least five bricks shall be tested, laid flatwise 
with a span of 7 inches, and with the load applied at midspan. The 
knife edges shall be slightly curved in the direction of their length. Steel 
bearii^ platca, about 1 inch thick and 1 i inches wide, may be placed be- 
tween the knife edgee and the brick. The lower knife may rest on a 
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wooden bafie-Wock, slightly rounded traosveraely across its top. The 
modulus of rupture shall be obtuned by the foUowiug formula; 

in which e ia the distance between supports in inches, 6 \b the breadth 
and d depth of the brick io inches, and W is the load in pounds at which 
the briclt failed. 

"The half bricks resulting from the transverse test shall be used for 
the compression and absorption tests. One half shall be crushed in its 
dry condition; the other half shall bo used for the absorption test and 
crushed while in its wet condition. No specimen shall be used if any 
part of the line of fracture ia more than 1 inch from the center line. 

"Compresdon Test. — Compression tests shall be made on half bricks 
resultine fi^i" the transverse test. To secure a uniform bearing in the 
testing machine, the bricks shall be bedded flatwise on blotting paper, 
heavy fibrous building paper or hea^^y felt. In case the bricks have 
uneven bearing surfaces, they shall be bedded in a thin coat of plaster of 
Paris. For the dry test, before applying the pliater of Paris, the bearing 
surfaces of the brick shall receive a coat of shellac. The machine used 
for compression testa shall be equipped with spherical bearing blocks. 
The breaking load shall be divided by the area in compression and the 
results reported in pounds per square inch. 

"Ahsorylion Test. — At least five half bricks shall be first thoroughly 
dried to constant weight, at a temperature of from 200 to 250° F., weighed, 
and then placed on their faces in water to a depth of 1 inch in a covered 
container. The bricks shall be weighed at the following intervals: 
i hour, 6 hours, and 48 hours. Superfluous moisture shall be removed 
before each weighing. The absorption shall be expressed in terms of the 
dry weight, and the balance used must be accurate to 5 grains. 

"Freezing and Thawing Test. — In case the freezing and thawing test 
is desired, at least 5 bricks shall be thoroughly saturated by immersion in 
cold water, which shall be raised to 200° F. in 30 minutes, and then 
allowed to cool. The specimen shall be inamersed in ice water for not 
less tlian 1 hour, weighed, then transferred to the refrigerator and sup- 
ported in such a manner that all faces will be exposed. The specimens 
shall be subjected to a temperature of less than 15° F. for at least 5 hours; 
then removed and placed in water at a temperature of not less than 
150° F., nor more than 200° P., for 1 hour. This operation shall be re- 
peated 20 times, after which the bricks, still saturated, shall be weighed 
again. The character of the bricks shall be noted before and during the 
test, and all visible changes recorded. Immediately on completion of 
this test, the samples are to be thoroughly dried and subjected to the 
transverse and compression teats." 
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Professor Bleininger has made the following comment on the 
prevailing methods of testing fire brick and fireproofing.* 

"The testing of fire bricks is still being carried on from the standpoint 
that a melting point determination of a small specimen la a small furnace 
will tell the whole story as to the quality of tho product. Recent work, 
however, has shown that it is possible to determine the standing-up be- 
havior of a fire brick in an arch or bench by testing it at an average 
furnace temperature under load conditions. Thus, a good fire brick 
placed on end in a furnace and heated up to 2460° F. should carry a load 
of 50 pounds per square inch without contracting more than i inch to the 
average length of 9 inches. Work carried out along this line has shown 
the practical nature of such teste, and has differeatiated poor from good 
materiale. In figures *••• two bricks arc shown which have both been 
subjected to the above conditions. One of them has stood the test well, 
wlule the other has failed. The same bricks under practical conditions 
have been found to behave in the same way. 

"Information is lacking also with regard to fireproofing. What 
properties must a material possess in order to be well suited for the pro- 
tection of steel beams and girders? How porous must it be, and how 
well can it witlistand heating and cooling? These are questions which 
must be soive<i in the future if clay fireproofing ia to hold its superior 
place agaiiuit cheaper substitutes such as concrete- There is no doubt 
but that clay fireproofing is pre-eminently suited for this purpose, and it 
remains only to show wliat clays are best and to what degree they should 
be burned, and how porous they should be kept. It will not do to sub- 
stitute for this class of ware low-grade claya which themselves fuse at a 
low temperature. Such practice will invariably result in harm to this 
particular industry and to the clay industry as a whole." 

Testing the Crushing Strength. — The methods proposed by 
the American Society for Testing Materials are generally adopted 
by sellers and purchasers of refractory brick in English-speaking 
comitries. The German system is described by Kerl.t The 
solid and hollow bricks are cut into halves, and these halves are 
burned together with Portland cement in such a way that the 
two cut surfaces are on opposite sides of the cube. The cube is 
then dried and the surfaces exposed to the pressure are made 
even with cement. Ten sample cubes are laid close together on 
smooth board, which should be covered with zinc. They are 
held firmly between two planed boards which are screwed to- 

* Journal of Wisconsin Clay ManafaduTers' A»socialion, I9I0, p. 60. 
t Handbuck der geiamnUen Tkoniaaarenindiuitne, pp. 604, 605. 
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getber. These boards arc about 1 mm. higher than the sample, ■ 
and are planed parallel to the table. Cement is laid on the top 
of the samples up to the height of the boards. When the cement 
is dry the boards are removed and the samples separated from i 
one another by a gentle stroke. The samples are reversed and 
the other sm^ace is levelled with cement in the same way. After 
the cement surfaces have hardened they are polished and cleaned. 
In this way the pressure during the t«st will certainly be dis- 
tributed evenly over the area of the surface receiving it. If to 
be tested dry, the samples are warmed to 50 or 60° C. Samples I 
may be tested wet, or may be subjected to pressure after being | 
frozen. An hydraulic or tjeam testing machine is used in de- 
termining the load which the samples stand before breaking. 

Professor Bleininger {loc. cit.) concedes the theoretical superi- 
ority of this method, but maintains that, for practical purposes, 
it is better to test a half brick bedded on edge. "The failing , 
point is distinguished sharply, which overcomes the objection 
the old procedure. The natural objection to testing bricks on | 
edge is the fact that they are not used in this position." How- 
ever, all the tests are made for the basis of comparison only. In 
testing refractories it is still the rule to test them on all their > 
sides, applying the load at the middle of the span. 

Tests to Determine Abrasion. — These may be done on ' 
Bauschinger's grinding machine. This is a horizontal cast-iron i 
plate, 2 feet 6 inches in diameter, revolvmg at the rate of 30 rovo- . 
iutions per minute. The test piece (a half brick) is secured so . 
that the bottom is in contact with the rotating disc. Then a i 
weight of 75 pounds is applied, the disc dusted with 20 grams of ' 
emery powder and revolved 22 times at the rate of 2 feet a second. 
Then more powder is dusted on the disc and revolved with inter- I 
missions for dusting until it has described 110 revolutions. The I 
test piece is then weighed and replaced on the machine, which now 
makes 220 revolutions before the next weighing is done. After 
further testing it at 330 and 440 revolutions, the computation ] 
of the abrasion is made. 

The sum of the weight lost in the four experiments noay be J 
called S. Then with the original specific gravity (by volume) of i 

the piece called r, the abrasion will be represented by - ■ 

A test piece representing the second half of the brick may be | 
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subjected to the same teat. The loss of weight may be called S. 

The final result, which shows the abrasion of the whole brick, will 

S + S 
then equal — ^ 

Wearing Test. — This may be done in a rattler or by the 
sandblast method. In the latter the test piece is subjected to the 
abrasive action of a blast at 20 pounds pressure of standard sand 
grain during a certain time. The relative depth of the abraded 
hole shows approximately the degree of resistance which the 
material offers to abrasion. The National Paving Brick Manu- 
facturers' Association has made the following specifications for 
determining the abrasion: By revolving the brick or material in an 
iron barrel, with a certain definite number and weight of iron balls 
of prescribed size and chemical composition, for a fixed number 
and rate of revolutions and calculating the percentage weight of 
the loss by abrasion. 

The Rattler. — The machine shall be of good mechanical con- 
struction, self-contained, and shall conform to the details of mate- 
rial ami dimensions given below, and shall consist of barrel, frame 
and driving mechanism as herein described. 

The Barrel. — The barrel of the machine shall be mode of 
the heads, head liners and staves. The heads shall be cast with 
trunnions in one piece. The trunnion bearings shall not be less 
than two and one-half (2j) inches in diameter or less than six (6) 
inches in length. The heads shall not be less than three-fourths 
(J) inch nor more than seven-eighths (J) inch thick. In outline 
they shall be a regular fourteen-sided (14) polygon inscribed in a 
circle twenty-eight and three-eighths (28|) inches in diameter. The 
heads shall be provided with flanges not less than three-fourths 
(J) inch thick and extending outward two and one-half (2J) inches 
from the in.side face of head to alTord a means of fastening tho 
staves. The flanges shall be slotted on the outer edge. So as to 
provide for two (2) three-fourths (J) inch bolts at each end of 
each stave, said slots to be thirteen-sixteenths (-JJ) inch wide and 
two and three-fourths {21) inches center to center. Under each 
section of the flanges there shall be a brace three-eighths (i) inch 
thick and extending down the outside of the head not less than 
two (2) inches. Each slot shall be provided with recess for bolt 
bead, which shall act to prevent the turning of the same. There 
shall be for each head a cast-iron head liner one (1) inch in thick- 
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ness and conforming to the outline of the head, but inscribed in a 
circle twenty-eight and one-eighth (28^) inches in diameter. Thia 
liner or wear piate shall be fast«ned to the head by seven (7) 
five-eighths (J) inch cap screws, through the head from the out- 
side. These wear plates, whenever they become worn down one- 
half (J) inch below their initial surface level, at any point of 
their surface, must be replaced with new. The metal of which 
these wear plates are to be composed shall be what is known 
as hard machinery iron and must contain not less than one (1) 
per cent of combined carbon. The faces of the polygon must be 
smooth and give uniform bearing for the staves. To secure the 
desired uniform bearing the faces of the head may be ground or 
ua chined. 

The Staves. — The staves shall be made of six (6) inch medium 
steel structural channels twenty-seven and one-fourth (27i) inches 
long and weighing fifteen and five-tenths (15.5) pounds per linear 
foot. 

The channels shall be drilled with holes thirteen-«ixteenth3 
(}§} inch in diameter, two (2) in each end, four bolts to fasten 
same to head, the center hne of the holes being one (IJ inch from 
either end and one and three-eighths (If) inches either way from 
the longitudinal center line. The space between the staves will 
be determined by the accuracy of the heads, but must not exceed 
five-sixteenths (Vfe) inch. The interior or flat side of each channel 
must be protected by a Uning or wear plate three-eighths (f) inch 
thick by five and one-half (5|} inches wide by nineteen and three- 
fourths (I9f ) inches long. The wear plate shall consist of medium 
steel plate and shall be riveted to the channel by three (3) one- 
half (J) inch rivets, one of which shall be on the center line both 
ways and the other two on the longitudinal center line and spaced 
seven (7) inches from the center each way. The rivet holes shall 
be countersunk on the face of the wear plate and the rivets shall 
be driven hot and chipped off flush with the surface of the wear 
plate. These wear plates shall be inspected from time to time 
and if found loose shall be at once reriveted, but no wear plate 
shall be replaced by a new one except as the whole set is changed. 
No set of wear plates shall be used for more than one hundred and 
fifty (150) tests under any circumstances. The record must show 

^H the date when each set of wear plates goes into service and the 

^B number of tests made upon each set. 
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The staves when bolted to the heads shall form a barrel twenty 
(20) inches long, inside measurement, between wear plates. The 
wear plates of the staves must be so placed as to drop between the 
wear plates of the heads. These staves shall be bolted tightly to 
the heads by four (4) three-fourths (f) inch bolts, and each bolt 
shall be provided with lock nuts and shall be inspected at not less 
frequent intervals than every fifth (5th) test and all nuts kept 
tight. A record shall be made after each inspection, showing in 
what condition the bolts were found. 

The Frame and Driving Mechanism. — The barrel should be 
mounted on a catit-iron frame of sufficient strength and rigidity 
to support same without undue vibration. It should rest on a 
rigid foundation and be fastened to same by bolts at not less than 
four (i) points. 

It should be driven by gearing whose ratio of driver to driven 
should not be less than one (1) to tour (4). The countershaft 
upon which the driving pinion is mounted should not be less than 
one and fifteen-sixteenths (l\i) inches in diameter with bearing 
not less than six (Ci) inches in length and belt driven, and the 
pulley should not be less than eighteen (18) inches in diameter, 
and six and one-half (G^) inches in face. A belt of six- (6) inch 
double-strength ler.ther, properly adjusted, so as to avoid 
necessary slipping, should be used. 

The National Paving Brick Manufacturers' Association will 
furnish without cost to all proper applicants the complete draw- 
ings of a machine which will meet the above specifications and 
requirements. 

The Abrasive Charge. — (a) The abrasive charge shall consist 
of two sizes of cast-iron spheres. The larger size shall be three 
and seventy-five hundredths (3.75) inches in diameter when new 
and shall weigh when new approximately seven and five-tenths 
(7.5) pounds (3.40 kilos) each. Ten shall be used. These shall 
be weighed separately after each ten (10) tests, and if the weight 
of any large shot falls to seven (7) pounds (3.175 kilos) it shall be 
discarded and a new one substituted; provided, however, that all 
of the large shot shall not be discarded and sub,stituted by new" 
ones at any single time, and that so far as possible the large shots 
shall compose a graduated series in various stages of wear. The 
smaller spheres shall be, when new, one and eight hundred seventy- 
five-thousandths (1.875) inches in diameter and shall not exceed 
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ninety-five-hundredths (.95) pounds (0.430 kilos) each in wei^t. 
Of these spheres so many shall be used as will bring the collective 
weight of the large and small spheres most nearly to three hundred 
(300) pounds, provided that no small sphere shall be retained in 
use after it has been worn down so that it will pass a circular hole 
one and seventy-five-hundredths (1.75) inches in diameter, drilled 
in a cast-iron plate one-fourth (i) inch in thickness or weigh less 
than seventy-five-hundredths (.75) pounds (or .34 kilos). Further, 
the small spheres shall be tested by passing them over such an iron 
plate drilled with such holes, or shall be weighed after every ten 
(10) tests, and any which pass through or fall below specified 
weight sliatl be replaced by new spheres, and provided, further, that 
all of the small spheres shall not be rejected and replaced by new 
ones at any one time, and that so far as possible the small spheres 
shall compose a graduated series in various stages of wear. At any 
time that any sphere is found to be broken or defective it shall at 
once be replaced. 

(b) The iron composing these spheres shall have a chemical 
composition within the following limits; 

Combined Carbon. — Ndt less than 2.50 per cent. 

Graphitic Carbon. ~ Not more than 0,10 per cent. 

Silicon. — Not more than 1 per cent. 

Manganese. — Not more than 0.50 per cent. 

Pkoaphorua. — Not more than 0.25 per cent. 

Sulphur. — Not more than 0.08 per cent. 

For each new batch of spheres used the chemical analysis must 
be furnished by the maker, or be obtained by the user, before in- 
troduction into the charge, and unless the analysis meets the 
above specifications the batch of spheres shall be rejected. 

The Brick Charge. — The number of bricks per charge shall be 
t«n (10) for all bricks of the so-called "block size" whose dimen- 
sions fall between from eight (8) to nine (9) inches in length, 
three (3) and three and three-fourths (3J) inches in breadth and 
three and three-fourths (3j) and four and one-fourth (4J) inches 
in thickness. No block should be selected for test that would be 
rejected by any other requirements of the specifications. 

The bricks shall be cleaned and dried for at least three (3) hours 
in a temperature of one hundred (100) degrees Fahr. before testing. 

The Test. — The rattler shall be rotated at a uniform rate of 
not less than twenty-nine and one-half (29i) aor more than thirt;y 
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and one-half (30J) revolutions per minute, and eighteen hundred ] 
(1800) revolutions shall constitute the standard test. 

A counting machine shall be attached to the rattler for count- 
ing the revolutions. 

A margin not to exceed ten (10) revolutions will be allowed for 
stopping. 

Stopping and Starttng. — Only one (1) start and stop test ia , 
regular and acceptable. 

The Results. — The loss shall be calculated in percentage of j 
the original weight of the dried brick composing the chaise. ■ In I 
weighing the rattled brick any piece weighing le-ss than one (1) I 
pound shall Ijb rejected. ] 

Porosity. — S. Wologdine and A. L. Queneau use the follow- ' 
ing method • to determine thn porosity. The porosity is de- I 
fined either by the volume of the pores expressed in percentage j 
of the total volume, or by the ratio of the difference between the 
weight of the sample Katurated with water and the weight of the i 
same sample dried in a Bteam oven to constant weight; this ratio is i 
given in percentage of the dry weight. Let P. be the weight of a 
sample dried to constant weight; Pm the weight of the sample 
saturated with water; P^ the weight of the sample immersed in 
water. 

Then according to the second definition the porosity Pp will be: 

P _ (^--^.)ioo 

/-P P. 

and according to the first definition it will be: 

p (P.. - P.) 100 (P^ - P.) 100 

'(.p„-p.) {P^-P,) ' 

= volume of the pores, 

= volume of the matter without pores. 

Knowii^ P,Pn aJid P, the true density (true d) and the apparent 1 
density (apparent d) are easily obtained. 



Apparent ,1 - (p. _ p.) +>. - /y = K^.' 

■ ElectTochrmical and Melallurgkol Indaslry, Oct., 1909. 





■ (ft - P.) 


where 


P.-P, 


and 


P. -P. 
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To obtain P„ Pm and P., three weighings are necessary; first, 
of the dry specimen; second, of the same specimen boiled in 
water to expel all the enclosed air and then cooled in water 
under reduced pressure; third, of the specimen saturated in dis- 
tilled water. 

The specimens used in these determinations were regular 
samples weighii^ about 10 gr. and broken from bricks; they 
were boiled in a beaker for an hour in distilled water; the beaker 
and contents were then allowed to cool under reduced pressure. 
If no air bubbles appeared during a second boiling, the sample 
after cooling was weighed in water by means of an hydrostatic 
balance. The specimen was then weighed in air in weighing 
bottles after carefully removing all superficial water with blotting 
paper; this determination of P„ was repeated several times; the 
different results were then averaged. 

The Charlottenburg Reichsanstalt uses the following method to 
determine porosity and specific gravity. 
G = the weight of the body in air. 

G' = the weight of the body in water. 

Gi = the weight of the lx)dy under atmospheric conditions. 

G, = the weight of the body dried at 100° C. ' 

Gp and G'p = the weight S of the body covered with paraffin. 

G„ and G'„ = the weight S of the. body saturated with water. 

Jm = the content of the body obtained in the determination of 
the volume by measurement; Jg = the content obtained by weight. 

Accordingly, /,= G. - G'„„ or =G„-/gV+^^^^), where 0.93 
is the specific weight of paraffin. Now let s indicate the true 
specific weight of the body, that is, in the form of powder, and r 
the apparent or volume weight of the body. 

The specific gravity is det*nnined by crushing and grinding the 
test piece. The powder must be homogeneous grains and have 
a mesh of a hundred. The powder is dried at 100° C. and its 
specific weight determined with Schumann's or Seger's volumeter. 

The quotient of the weight of the dry powder and the volume 
it displaces gives the absolute specific weight of the material. 



To determine the apparent specific gravity or volume weight, 
pieces of appro.ximately similar size are dried at 100 to 110° C. 
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Then the weight is determined either by the method of Baturation 
with water or covering with paraffin. The former method is 
preferred, p 

The apparent specific gravity or volume weight '" = y arid is 
derived as follows : 

(a) Saturation method: 



(b) Paraffin method: 
r, = ■ 



, g.-gA 



The relation of the solid mass to the content of a brick of the 
density is determined. 

d, (density) = — 

and the porosity, called u,, = l — -- . 

The nearer — approaches 1 the denser the brick. 

The water absorption Wi = (Gu, — G,)^, for the apparent or 

G —G, 

volume weight, and W , = ■—=. — - , for the absolute specific gravity.* 

Soluble Constituents. — Fire brick should not have any soluble 
constituents. Test pieces are ground fine (100-mcsh) and boiled 
with distilled water for an hour. The insoluble matter is dried and 
weighed. The difference from former total weight gives the quan- 
tity in solution. The dissolved salts in the solution are determined 
by ordinary chemical analysis. Such soluble salts are generally 
sulphates of lime and magnesia. 

Elongation under Heat. — The length of the test brick is 
measured with the calipers in four or five equidistant divisions. 
It is then set in a muffle or gas furnace and heated to the temper- 
ature at which it is to be used, and measured again and reheated 
until a constant figm* of elongation is obtained. Generally 
2i or 3 hours for fire-clay bricks are sufficient. The elongation 
is expressed in inches per 9 inches or in inches per hnear foot. 
Many fire-clay bricks, although showing considerable elongation 
when hot, show a contraction (after heating) when cold. 

Tests of Resistance to Chemical Agencies. — This is discussed 
under "Testing of Refractory Raw Materials," page 272, 

• 8eo K(^r!, Handbuch ger graammle7i Thonwaartninduslrie, pp. 497, 498. 
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Resistance to Heat. — The refractory must stand a tem- 
perature of at least 50° C. above that at which it is to be used. 
To determine the melting point sample pieces of a size about four 
cubic inches are cut and exposed to gradually increasing tem- 
perature in a gas muffle, or in a Deville or Heinecke furnace. The 
point of fusion is determined as the temperature at which the 
sample, or a broken piece of the sample, in case it breaks, begins 
to fuse, or when any constituent or constituents begin to flow 
molten out of the whole. Not only the outside, but the broken 
edges and surfaces, must show signs of distinct fusion. The 
experiment should be protracted at any temperature at which 
fiiajon may be expected for about 30 minutes. 

A more detailed description of the method of determining the melt- 
ing point is given under the "Testing of Refractory Raw Materials." 

Deteimination of Volume.* — The change in volume, to be 
determined for getting the cubic shrinkage, is measured by means 
of a Seger volumeter. This consists of a 
four-liter, wide-mouthed, glass-stoppered jar. 
A circular opening in the center of the stopper 
is fitted with the ground end of a short glass 
tube m, which expands above into a bulb b, 
and is again contracted above it. The jar 
has a glass stopcock e near its base, which is 
connected above with a burette a of 125 c.c. 
capacity and graduated to tenths. The up- 
per end of the burette also widens to a bulb 
/, from the top of which there extends a bent 
tube for the attachment of a rubber, this tube 
being used to draw the liquid into the burette. 

When the stopcock in the lower part of the 
burettois open, and the liquid runs into the jar 
up to the mark on the small glass tube m, the 
liquid stands at the zero point in the burette. 

The method of using the apparatus, which 
was developed in testing a number of Iowa 
clays, is as follows: Volumeter. 

"To use the volumeter for determining the volume of clay, it is filled 
with oil (ordinary kerosene) with a. specific gravity of 0,8 (which must be 
accurately known). 

• Riea, " Clays," p. 160. 
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"After filling the jar the burette ia filled with the liquid by suction 
through the rubber tube, aud held full by turning the burette valve or by 
means of a pinchcock on the rubber . The stopper is now removed and 
the test piece of the clay, which is still plastic and permeable to water, 
is carefully wiped dry of the coating film and put in. The test pieces, I 
which are approximately 3 inches long, are allowed to dry until, on pick- ' 
ing a piece up endwise between the thumb and finger, the middle portion 
does not sag. The point is not«d carefully and all samples are treated 
eMctly the same. Care is taken not to splash any of the liquid in placing 
the block of clay in the jar. In order to prevent this and to avoid break- 
ing or otherwise marring the test piece by dropping it into the vessel, a i 
small wooden float or support, by which the clay may be carefully let down | 
into the Uquid, is advantageous. Tliia float is conveniently made with a I 
small eye or hook near each end so tliat it may he handled by reaching I 
in with two stiff bent wire rods. Some such arrangement as this is quite I 
necessary in handling raw clays but can be dispensed with when the clays I 
are burned. The stopper is now replaced, and by releasing the pinchcock ( 
the oil from the burette is allowed to flow back into the jar until it stands 
at the mark on the short tube. 

"The volume of the clay is then indicated by the height of the liquid I 
in the burette above the zero mark. The piece of clay is taken out and ■ 
placed to dry while the volumeter is again filled to the zero point to bo I 
ready for the next test, 

"When dry the clay is heated to 230° F. to expel all moisture, and i 
after weighing it is placed in a vessel of oil until Baturated. This requires 
from 3 to 6 hours for small test pieces of approximately 3 by 1 J by 1 ) inches. 
When saturated the piece is again weighed and its volume measured as I 
before. Having now the wet and dry volume the percentages of cubical I 
shrinkage in drying are easily calculated." 

In measuring fire shrinkage, the same test pieces are employed , 
that were used in determining drying shrinkago. They are placed . 
in a small muffle furnace and burned at a temperatm^e of from | 
700° to 800° C. By burning at this heat, dehyiiration and oxida- \ 
tion of the clay are completed. It is about the temj>eratiire at , 
which common, porous, red building brick is burned. For the | 
large niimbcr of clays vitrification has not yet Ijegun at this heat, 
and they are left in the most porous condition attained during any 
part of the burning process. 

Testing of Raw Refractory Materials. — Tests are made to 
determine: 

1. The infasibiJity. 

2. The degree of firmness at high temperatures. 



TESTING OF REFRACTORY PRODUCTS 



271 



3. The resistance to action of chemical agents. 

4. The degree of cliange of volume at high temperatures. 

5. The shrinkage or expansion in drying and burning. 

6. The effect of sudden change of temperature. 

7. Mechanical qualities of strength and density. 

Further, in the case of clays, (1) the degree of plasticity, (2) the 
bonding power, (3) the water required to attain maximum plas- 
ticity and (4) percentage of absorption after burning must be 
determined. 

The determination of the melting point of refractory materials 
is done by expo-sing small three-sided pyramids, 2 cm. high and 
1 cm. base of triangle or pyramid, to the action of the heat. 

In the case of clays the pyramids or conea may be made of equal 
parts of burned and unbumed material in order to reduce the 
degree of swelling and the formation of air bubbles. 

It has been frequently observed that clays with a high melting 
point become soft at a relatively low temperature. 

Cramer* proposes the following method for deciding on the 
choice of satisfactory refractorj' clays. 

1. The Infusibility. — The first and most important con- 
dition for the successful preparation of refractory products is the 
employment of raw material with high degree of infusibility. 
This should witbstanil a temperature of at least 1650° (the fusing 
point of cone 26) in order to make a sufficiently refractory brick or 
vessel. All attempts to improve the quality of materials, espe- 
cially clays and quartzites, which do not satisfy the heat test on 
account of a high percentage of fluxes, liy treatment with acids 
to dissolve out the obnoxious alkalis and metal oxides, have proved 
commercially impossible and teehnically unsatL'^factory. 

In the determination of the melting point of the clay, dinas, 
quartz, magnesite, kaolin and other refractory raw materials and 
also finished products, small samples arc exposed to heat in a 
Deville or Heinecke furnace or in a liot gas muffle. The samples are 
preferably made in the form of three-sided pjtamids with a height 
of 2 em. and a base side length of 1 cm. In the case of testing the 
finished product cubes may be taken should the work of fashioning 
the pyramids prove too ilifficult. 

The samples are placed in a crucible of extremely refractory 
material, which is generally a first-class fire clay, although mag- 

• ThonindiislrieZeiUing, 1901, pp,706, 1628, 1609, and 1902, pp.300 and 1065. 
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nesia and cbromit* are always tested in magnesia crucibles. The 
sample is heated carefully, the temperature being controlled by 
Seger cones. The Deville furnace is especially satisfactory. This 
consists of a hollow cylinder of refractory material supported on 
a thick wrought-iron plate. This plate has a hole in the middle 
about 3 cm. in <tameter, and around it two rows of equidistant 
fine hoUs about 6 mm in diameter. The cylinder is 35 cm. high 
and surrounded b> an iron shell, which extends about 8 cm. below 



the wrought plate and rests c 



— Teadng Puaibility of Raw Materials 
Shaped into Conea. 



supported on a tripod; 
a blast enters from a 
pipe into the bottom 
space of 8 em. of the 
iron shell and thence 
is forced through the 
holes to the cylinder. 
The point of the iron 
shell with the support- 
ing disc is made air- 
tight with sandy clay. 
The cyhnder itself b 
cm, and at the bottom U cm. 
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conical and measures at the top 9 
clear in diameter. The lower half of the refractory lining ia burned 
magnesite, the upper half consists of 90 per cent magnesia and 10 
per cent kaolin. 

The crucible in which the test is carried out is made of thor- 
oughly burned chamott«, consisting of equal parts of alumina and 
the best kaolin, bonded and moulded with the necessary addition 
of pure kaolin. The crucible sets on blocks or a mass of refrac- 
tory chamotte tested to cone 35 (1830° C.) without fusing. These 
crucibles for conducting the test are about 50 mm. (2 inches) high, 
45 mm. (Ij inches) wide and 5 mm. (^ inch) thick. 

In carrying out the test the bottom of the crucible is covered 
to a depth of 7 mm. (J inch) with a mixture of finely-screened ' 
alumina and kaolin. This is tamped firm and the sample placed 
upon it. The chamotte block on which the crucible sets is lowered 
by a tongs. The samples and Seger cones of approximately the 
same degree of fusibility as the sample are placed in the crucible, 
a Seger cone and sample alternating in a circle. The crucible is 
lowered. Now a fire is started by throwing ignited paper into 
the cylinder, turning on some blast and then adding 200 gp. 
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a pound) charcoal in the size of small nuts. Now some retort 
graphite is fed in the torm of pieces about the size of a hazelnut. 
This retort graphite has little ash and makes a splendid fire. 
About 1 kg. (2J pounds) of graphite are now fed in gradually 
during the course of the test. The condition of the Seger cones 
shows to what temperature the furnace was heated; that of the 
samples simply indicates their fusibility relative to one another. 

3. Test pieces in the form of slabs (12 inches long by 1 inch 
" wide by J inch thick) are laid on a porcelain plat« in a mufHe 
furnace and heated to cone 16 or 17 and then, supported on the 
two ends only on the edges of a plate, tested for softening and 
bending by reheating in the mufHe. A porcelain plate such as that 
illustrated and described by Kerl * may l)e used. Cramer recom- 
mends heating and testing eacli slab as many a.s five times. Some 
clays bend only at the first test and improve in quality in the 
subsequent burnings; others bend more with every heat and some 
ultimately lie flat on the plate. 

3. Resistance to Chemical Agencies. — These may be molten 
masses of basic or acid (rharactor, slags, volatile salts from fuel or 
furnace charges and fuel gashes. The physical character is a factor 
as important as the chemical composition in determining the re- 
sistance of refractories to chemical agencies. 

These tests are best made with the dried and burned ware in the 
vessel or furnace, and under the conditioas in which the material 
will be later used. 

In addition to the chemical and physical influences of slags, 
metals and gases, it is often forgotten that salts in dissociating 
and volatilizing attack the refractory linings of vessel. Instancesf 
are given of a percentage of salt in coal, dissociating and attack- 
ing the lining with formation of sodium silicates, aluminates and 
chlorides. The former make easily fusible slags, the latter spongy 
excrescences on the brick. 

The more porous a brick is, the more liable it ia to be penetrated 
by destroying slags and gases, and these attack in particular the 
alumina and clay constituents of a brick and destroy more silicioua 
material by makir^ it swell. Constancy of volume at high and 
sudden changes of temperature, and the mechanical strength and 
density have been discussed under the tests of fire-clay bricks. 



• Handbuch der Thonwaareninduatrie, Fig. 332. 

t ThonirtduatrU Zeilung, 1892, n. 231; 1898, p, 546; 1895, i 
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. always detennined, the tenalti I 



The compressive atrer^h i 
strength less frequently. 

The refractoriness of a material is determined by the quantity 
of foreign constituents present. For instance, the excess of silica 
in clays above that which goes into chemical combination to satisfy 
the alumina and fluxes, acts as a flux itself, and, along with the 
alkalis and metal oxides, reduces the refractoriness of the clay and J 
sand and, particularly in the form of pure pebbles, is especially I 
unsatisfactory in clays. 

The fusion of the fire clays results from the formation of double j 
silicates, alumina silicate and silicate of the so-called Suxes (time, I 
magnesia, iron oxide, potash). 

Thus we arrive at the law used above for determining the re- 
fractory coefficient. We determine just the relation of the alumina j 
to the fluxes and the relation of silica to the alumina, and, by J 
dividing the latter into the former, obtain our scale, which in the ] 
case of refractory clays will read from Ij to 14. 

Bbchof's formula is: 

in AliOa in SiO» 



Q = 



in RO ' O in AljOi 



In this formula the in RO must be multiplied by 3 to make \ 
it conform to the scale that he used and the O combined with the ] 
iron must be figured as being combined in the condition as FeO. I 
Therefore the formula is better written: 



O in AijO, in SiO 



(0 in Al,0,)' 



3 X in FeO " in AlaO, (3 X O in FeO) X (O in SiO«) 



in SiOs = per cent SiO, X 0.5298. 
in AI2O3 = per cent AI2O3 X 0.4 
in FeO = per cent FejO, X 0.2000. 
in CaO = per cent CaO X 0.2853. 
in MgO = per cent MgO X 0.3971. 
in MnO = per cent MnO X 0.2254. 
in KjO = per cent KjO X O.lf 
in NajO = per cent NasO X 0.2571. 

Another method of determining physically the refractory 1 
value is given by Dr. Bischof. The melting point of a norm^J 
clay is determined and its value called, say, 1. Then the clay to] 
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be examined is shaped into a pyramid of approximately the size 
of that of the normal clay, and its melting point detenniued. 
Then certain quantities (from 1 to 10 times the weight of the 
pyramid) of sand are mixed with the clay to be examined. These 
are made into pyramids, and that mixture which behaves similarly 
to the normal clay is recorded, and, from the weight of sand added, 
its refractory coefficient may be determined. Should, for ex- 
ample, a clay need twice as much sand as its own weight to fuse 
like the normal clay, then its refractory coefficient would be 2, 
if three times as much is added, then its refractory coefficient 
is 3. Instead of making the scale 1 to 10, it is easier to make it 
1 to 100. Then in the clays already considered: 
I. Purest clay would l>e = 100, 
II. Zettlitz clay would be = 6ft-70. 

III. Belgium clay would be = 50. 

IV. Griinstadt clay would be = 30. 
V. Cassei clay would be = 20. 

At the best, the method should be regarded only aa indicating 
the possibilities of the clay and not regarded aa absolutely in- 
fallible. 

In the pyrometric examination of refractory quartzes which 
■ are generally accompanied by similar fluxes, a similar method ia 
recommended by Bischof. He uses as nonnal quartz ground 
rock crystal and calls its refractory coefficient 100. A sand- 
stone which requires one equal part of powdered rock crystal to 
induce behavior in high temperatures corresponding to the pure 
rock crystal is marked as (100 - 1) or 99. Another sandstone 
which would require 2 equal parts of powdered rock crystal 
would be classed as 98. 

Measurement of Plasticity. — The degree of plasticity varies 
within very witle limits, and clays are classified as those which are 
lean or of low plasticity and those which are fat or highly plastic. 
Bischof, Zschokke, Grout and Ries all discuss methods of measur- 
ing the plasticity. The usual and easiest way is to test the clay 
between the fingers. Zschokke states * that it ia necessary to con- 
sider three'qualitios in arriving at the degree of plasticity of a clay. 
These are (1) the property of deformability, (2) its degree of cohe- 
sion and (3) its stickiness or adhesiveness. Zschokke moulded 
• Iowa GeoUiffical Suniey, Vol. 14, p, 100. 
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samples into forma 60 mm. high aud 30 mm. in diameter, placed 
these in a specially designed machine and pulled them until they 
broke. The degree of deformability was determined by the elonga- 
tion of the samples, while the force expended to rupture them de- 
noted the tensile strength. The plasticity coefficient is obtained 
by multiplying the degree of defonnability with the figure of the 
tensile strength. The following figures illustrate this: 



Ruptur« EzperimenU 1 


Sample. 


Slow pull. 


I«-kypull. 1 


TeMile 
required 


Deforma- 
bility in 


PbiatLcity 

Boeflicient 

"SL. 


fl 


' 


Pliatieity 
"-Si," 


quired. 


A 

B 


0.63 
0.20 


70 
81) 


44,1 
17 


1.73 

0.78 


127 
73 


220 

55 


29 8 
23.9 



I 



All these results are modified by the fact that it is difficult to 
fix the degree of elasticity in the sample. The percentage of 
water has considerable influence in the plasticity. In very plastic ■ 
clays there is some unknown chemical or physical attraction be- < 
tween the clay substance and admixed water, which is lacking 
in the flint and less pla.stic clays. 

Jochura'a method of determining the plasticity is very similax j 
to that of Zschokke's. He uses a machine like a hanging scales | 
and notes the weight or pressure required to make the clay s 
break.* 

Measurement of Shrinkage. — Shrinkage may be exj 
in either linear or cubic terms. The former is given in percentage 
terms of the original length of the ware and is easily determined by 
direct measurement. To detennine the cubic shrinkage in dryii^ 
it is necessary to carefully determine the volume of the material 
when moist and again when dry, while the difference in volume i 
between the latter and that of the burned clay gives the cubic ' 
fire shrinkage.f 



• This is tiescribin! by Kcrl, Handbuch d 
p. 101, etc. 

t Ries, "Cluys," p. 180. 



' genammien ThoHwaareninduetrie, 
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Standardization of Refractory Materials. — The English 
Ceramic Society has initiated a movement to standardize and 
grade refractory materials. In Germany the firm of Cramer, 
which publishes the Thoninduslrie Zeitung and conducts a lab- 
oratory and consulting office, has been the leader in grouping 
and standardizing these materials. In America there is still chaoa 
in the classification as in England and France. 

It has, therefore, been decided that a body called "The Center 
for the Standardization of Refractory Materials " should be 
formed which would complete the following program: 

(a) To arrange and classify the various refractory materials. 

(6) To arrange standard specifications for the raw materials 
and for the manufactured products. 

(c) To consider the possibility of arranging for uniformity in 
certain "stock" or "standard" sizes. 

(d) To agree upon standard methods of testing. 

It b hoped that the specifications may become international, 
and the aid of German, French and American engineers is needed 
to insure the success of the plans. 

Dr. J. W. Mellor, secretary of the English Ceramic Society, 
Stoke-on-Trent, is drafting a set of specifications for the standards. 



CHAPTER XTV 

THE THERMO-PHYSICAL PROPERTIES OF FURNACE 

MATERIALS 

Thermal Conductivity and Resistivity. — Fumacp operators and 
students frequently ask for information on the thermal conduetivity 
of materials. Until quite recently all the available data were scat- 
tered, and the curious and interested would be referred to the works 
of Landolt and Boemetein, Peclet, Richards, Hering, Button and 
Beard, and Wologdine. Within the last two years so much uiterest 
has been stimulated in the questions of flow of heat through furnace 
walls and electrical, hot and cold insulation that considerable work 
has been done in determining the resistivity or conductivity of 
materials (such as that by Clement and Egy of the University of 
Illinois on the thermal conductivity of fire clay) and in corre- 
lating such results. Messrs. Hering, Queneau and others have 
been active in publishing the results of recent and previous ex- 
periments In Metallurgical and Chemical Engineering and in 
transactions of scientific societies. 

In finding the relative conductivity of various materials 
Messrs. R. S. Hutton and J. R. Beard have used an apparatus 
devised by C. H. Lees and J. D. Chorlton.* A digest of the 
methods and results of their determinations of the insulating 
qualities of refractory materials is published in the Eleclrockemical 
and Metallurgical Industry, Vol. Ill, p. 291. 

The conductivity ,t K, is the quantity of heat in gram calories 
which is transmitted per .second through a plate 1 cm, thick 
per square centimeter of its surface, when the difference of tem- 
perature between the two faces of the plate is 1° C. 

The appended values of K apply to a temperature range from 
20 to 100° C; the materials were generally in the form of powder 
passed through a sieve with 600 meshes per square centimeter. 

* Fkiioaopkical Magazine, June, IS96, p. 495. 
t Note the smal] values for K comparetl with those in Chapter XIII (p^e 
222) where the coefficient is expressed in kg. cal. per sq. per m. per hour ' 

degrees C. 
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Sand, White Calms K = 0.00060 

Carborundum, fine 0.00050 

" ooaree 0.00051 

Quart*, eniimel 0.00036 

" fused 0.00039 

Fire-clay brick 0.00028 

Retort graphite 0.00040 

Lime 0.00029 

Magnesia, fused 0.00047 

" Mabor brick 0.00050 

Calcined, Greek 0.00045 

" " Veitach 0.00034 

" Pattenson's light-calcined 0.00016 

Kieselguhr (infusorial earth) 0.00013 

Yet it is not advisable to choose a material by reason of the 
above data alone. It is always necessary to know the physical 
behavior of such materials at high temperatures, such as their 
degree of shrinkage or expansion, their porosity and other prop- 
erties.* Chemical action, such as oxidation, renders some insu- 
lators unsuitable. These considerations are discussed by Hutton 
and Beard, who also suggest that the transmitter of heat, such 
as a retort body, should Ix; of diffiirent material to the insu- 
lator, such as the furnace wall, and propose certain methods of 
construction which would enable us to realize the value of certain 
insulating materials without risk of impairing these by too high or 
too long continued heating. For if materials shrink and become 
less porous they often decrease ui efficiency as insulators, f ^^■ 
Herii^ pubhshes the properties of many substances in terms of 
thermal resistivity. 

In Vol. VII (he. dt), numbers 9 and 10, Mr. Queneau describes 
8. Wologdine's methods of determining heat conductivity, gas per- 
meability and porosity. In summarizii^ the results he represents 
the conductivity in gram calorie seconds per cubic centimeter per 
1" C. Accordingly, the figures in the scales of Queneau are the 
reciprocal of those of Hering. 

• The coefficient of diffusion (Temperaturleitungs-Koefficient) ia repre- 
by K, divided by the density times the specific heat. 



density X sp. heat 
t MelaUurgifal and Chemical Engineering, Vol. IX, No. 12. 
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025 
0231 
0071 
0057 
0042 
0039 
0038 
0035 
0027 
0033 
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9,0 
8.32 
2.54 
2.05 
1.50 
1.42 
1.36 
1.26 
0.96 

i,ig 

0,84 
0.71 

0,64 
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100 
92,4 

22^8 
16,7 
15,8 
13,2 
14,0 
124 
13 2 
9 3 
7.8 
7.1 





























The figures selected are representative of the ordinary com-) 
mereial grade of refractory materials. The coefficients were de- | 
termined for temperatures of ItXX) to 1200° C. 

Hering uses the thermal ohm to express that resistance through 1 
which 1 watt of heat flow will pass when the temperature drop I 
is l^C. Hence, if R ia the thermal resistance in thermal ohms, I 
W the flow of heat in watts and T the temperature in centi- 
grade degrees, ™ 



Again, if r is the specific thermal resistance in thermal ohms J 
per centimeter cube, then . 

R.'-i^. 



in which L ia the length and S the cross section of a thermal con- J 
ductor. 

To reduce a thermal conductivity in gram calories per seo-1 
ond to the resistivity in thermal ohms, multiply the reciprocat.J 
of the conductivity by 0.2388, when both are for 1 cm'. To! 
reduce gram calories per second to watts, multiply by 4.186. Ib.I 
order to compare the thermal resistivities Mr, Hering called that | 
of silver the unit and reduced all values in the various works con- < 
suited to figures relative to this base. 

The data appended may be used for steam heat, refrigera-J 
tion, etc.. as well as for calculation of electric heat, by first com-g 
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pleting the simple calculation in terms of watts flowing through the 
nsulation and then turning these watts into horse power, square 
calories per minute or other expressions of energy. 
For example, Watts X 0.00134111 = horae power. 

Watts X 0.0568776 = B.t.u. per minute. 
Watts X 0,0143329 = square calories per minute 
To reduce units in terms of 1 cm. cube to those for 1 inch cube 
multiply by 0.393700 when they are resistivities, and by 2.54001 
when they are conductivities. To reduce thermal conductivities 
given in terras of B.t.u. per hour per square foot surface, per inch 
.hickness per degree F. to thermal ohm, inch cube units, multiply 
the reciprocal of that number by 273.013. 

TABLE OF THEILMAL RESISTIVITIES 
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TABLE OF THERM-U, RESISTIVmES— Co<i/ini«rf ^H 
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416 
239 
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427 
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Plaster ot Paris, aO'-lSo", 36.8% solid 


Slag concrete, 34.3 lbs. per cu. tt., 60°, l 

part by weight slag and 0.61 cement 

Pum ce atone. 18.2 lbs. per cu. tt., 60° 


Pum ce stone, 20=-165°, 34.2% solid matter 


Asbeatoa. 20M55°, 8.1% solid matter 














Many liquid compounds (hydrocarbons, 




Chalk, 20''-155°. 25.3% solid matter 

Very porous slag, 22.5 lbs. per cu. Tt., SO". 
Zinc, white, aO'-ISe", 8.8% solid matter. . 




Infusorial earth, 20=-155=, 11.2% solid 


Infusorial earth, 20''-155°, 6% solid matter 
Infusorial earth, burned, 12.5 lbs. per cu. ft., 

450° r. 

Infusorialearth, burned, 12.5 Ib^. per cu. ft., 


Infusorial earth, loose, 21.8 lbs. per cu. ft., 
350° 


Infusorial earth, loose, 21.8 iba. per cu. ft., 




Magnesia, carbonate, 85%, 20°-188°, av- 




Magnesia, calcined, 20''-155°, 4.9% solid 


Magnesia, calcined, 20M55°, 2.3% solid 


Magnesia, calcined, 21 °-l7S° 
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Much work is still to be done in this subject. The metallurgist 
and engineer needs, most of all, determinations of the resistivity 
at temperatures between 1200 and 2000° C. The roaulta cited dis- 
turb some generally accepted theories of insulation. Thus, cold 
air at 0° C. is an excellent insulator, whereas air heated from 20 to 
150° C. is a better conductor than sifted brick dust and about the 
equivalent in conductivity of warm cement. 

Magnesia bricks are a good conductor, while a mass of calcined 
m^^iesia insulates fifty times as efficiently. All loose material must 
be tested at different temperatures to realize its efficiency, since, 
while the air in the pores increases in quantity and in conductivity, 
the whole mass insulates less efficiently the higher the temperature 
employed. Readers will probably learn more interesting facts 
from these qualities which are suggestive of change in many of our 
accepted maxims and axioms of furnace and fireproof construction. 

Mr. Hering also discusses* the subject of contact resistances 
and heat emission from surfaces, and the influence of shape, joints 
of construction and other factors. He pubUshes lengthy and 
interesting tablesf of low of heat from solids to gases at certain 
temperatures {e.g., brick to air), of metal to water, water to metal 
to air, gas to metal to water (e.g., fire gases to boiler) and gas 
to metal to gas. Mechanical, chemical and electrical engineers are 
referred to these tables for interesting and useful information. 
Appended are a few examples of flow of heat through contact 
surfaces in thermal ohms per square inch: 

Solid to Gas (°C.) 

60", surfaces of dynaniOH to air at 20° 100 

90°, brick to lur at 20° 112 

220°, brick to air at 20° 74 

1000°, graphite to vacuum 65.8 

2600°, graphite to vacuum 28.6 

927°, tungaten wire, 0.239 mm. diam. to hydrogen 2.0 

1727°, tungsten wire, 0.0088 mm, diam. to hydrogen 0.26 

Silver polished to air per degree difierence 10300 

Sheet iron polished to air per degree difference 2970 I 

Sheet iron not polished to air per degree difference 4S3 

Metal to Water (°C.) 
143°, braaa to water at 40°C 0.154 

• Metallurgical mid Chemiail Engimcring, January and February, 1912. 
t Ibid,, January, 1912, pp. 42, 43 and 44. 
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Diffusivity. — The property of diffusing and transmitting heat 
ia dependent on the tonductivlty, the density and the specific heat 
of the body. Thus the coefficient of diffusivity (Temperaturleit- 
unga coefficient) or />= ^^r- 

Here W represents the density, Si, the specific heat, and K, the 
conductivity in gram calories seconds per era.' per 1° C, In this 
■way the following table has been prepared; * 

Name oJ matwial. Diffurfvity. 

Aluminium 0.S3 

Anliroony 0.14 

Cadmium 0.47 

Copper 1 1.13 

Biamuth 0,07 

Gold 1,18 

Iron 0.17 

Lead 0.24 

Magnesium 0.88 

Mercury 0.03 

Nickel 0.15 

Platinum 0.24 

Silver 1.74 

Caflt steel 0.12 

Tin 0.38 

Zinc 0.40 

Air 0.18 

Cotton 0.0009 

Cork 0.001 

Ebonite 0.001 

Rock material (granite, etc.) 0.012 

Ice 0.011 

Concrete 0.006 

Average damp soil 0.0049 

Water 0.0014 

Fire brick 0.0067 

Building brick 0.005 

Silica 0.003 

' Communication from Prof. L, R. IngHrsoll, University of Wisconsin. 
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Conductivity, Density, Porosity and Permeability. — M. 

Wologdine, of the Ecolo des MincH, has contributed most valuable I 
information on the subject of the physical properties of refractories 
and especially of changes in these at high temperatures. While 
it is true that most of Iiis experiments were done at temperatures 
lower than those at which refractories are used and all imder 
1300° C, yet he has been able to teach us m\ich about conductivity, 
porosity and permeability and the effect of heat in changing the I 
moduli of these qualities possessed by certain refractories. 
Queneau deduces the following conclusions from Wologdine'a work: | 

" (1) Proper regard being given to the fusibility of the brick, all terra- 
cotta, buildii^ bricks, fire bricks, have practically equal coefficients of heat J 
conductivity. The coefficients are dlEferentiated in this class of refractory 1 
materials solely by the temperature of burning and not by the character I 
of the clays or by their chemical composition. 

" (2) In all refractory materials, including the special bricks, such a 
chrome, magnesia, carborundum and graphite, the heat conductivity if 
direct function of the temperature of burning. I am inclined to in- | 
elude, as subject to this rule, the amorphous carbon and the graphite I 
electrodes, though this has not yet been confirmed by actual detemuna- 1 
tion to my knowledge. 

"(3) The great value of silica bricks for heat ioeulating punioses, when 1 
burned at a moderate temperature, 1050° C, is due to the fact that | 
their coefficient of heat conducti\-ity is practically equal to that of Kieael- I 
guhr bricks and only one-half that of clay bricks.* 

"(4) The unique characteristic of chrome bricks is that their co*-! 
efficient of heat conducti\'ity is independent of the temperature. 

"(5) There are remarkable and often enormous variations in the'] 
permeability to gases of the same bricks with the increase in t€ 
ature. In one instance the ijermcability changed from 3.3 liters per houl 
to 241 hters per hour. Tliis shows the importance of scientifically select- 1 
ing the clay mixtures for a given work as for crucibles or retorts where^ 
as in Kinc metallurgy, the permeability to gases has a material influence 
on the metal recovery. In this connection the nil permeability of g;raph- 
ite crucibles is to be noted. Perhaps the same results might be obt^ed j 
at a much reduced co^t by substitutii^ clay flakes for the graphite flaken 
as proposed by H. Putz.t ■ 

* This deduction of Mr. Queneau is open to the criticism that the heat 

conductivity of silica bricks and of fire bricka varies "greatly, iJepending on the 

physical properties of the brick. II. in deKirahle that further detenninatioa 

be made in this by indeijcniient obaervtra. 

t German patent 108, 840, Sept. 29, 1907. 
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"(6) To secure efficient beat insulation refractory materials should be 
burned at the lowest allowable temperature. This burning temperature 
is generally known; it is the maximum temperature to which the bricka 
will be exposed in the furnaces. The use of the maximum temperature is 
necessary in order to prevent the brick from shrinking any further when 
set in the furnace walb. Though this last fact is well known it is often 
neglected, aud a shortening of the furnace life is the result. 

" (7) The gas permeability of the bricks of bbiBt-fumace linings must 
have an important bearing on their life, owing to the destructive action 
of carbon monoxide in contact with the iron oxide present in the brick.* 

In conducting the tests to determine the heat conductivity, 
round flat plates were made from various hatches of refractory 
materials. These batches represented the current commercial brick 



ya^ 



Fi J 106 — Determinntion ot Heat Coniiuntivity. 

and ret-ort mixture** The plates were about 160 mm, (6 inches) 
across and 50 mm. (2 mches) thick. Four series of holes, three in 
each, were pierced in or throtigh the plates. The first hole extended 
S mm. (i inch) from the top, the second 45 mm. (IJ inches) and the 
third pierced the whole 50 mm. {2 inches). After being used in the 
conductivity test the plates were cut and cylinders 45 mm. in 
diameter and 50 mm. thick were made from them and used in 
the determination of the density, i)orosity and permeability. 

The test plate was placed in a gas furnace and the heat it attained 
measured by an attached water calorimeter. Temperature deter- 
minations were made at all three of the points, 5 mm. and 45 mm. 
• B. Osann, Stiihl iind Eisen, 1907, p. 1627. 
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from the top surface and at the bottom surface which was directly 
exposed to the gas flame, by means of thermocouple pyrometers. 
It was thus possible to establish the relation between the heat 
flow and the heat gradient m the interior of the plate and to cal- j 
culate the coefKeient of heat conductivity, i.e., the quantity of ] 
heat expressed in gram calories passing in one second through i 



. 




/ M»snffllaM.9 

1 i 1 1 t 1 1 


i-ftOOtKCJ. 

t 1 1 1 1 



1020 3040 tfOSOTOwaoiooiioviaix 

Fio, 107, — Temperature Variations During a Test of a Magnesia Brick. 
section of 1 aq. cm. with a variation of temperature of one degree 1 
per centimeter of depth. 

The calculation for the determinations of the coefficient of beat | 
conductivity for the test pieces is as follows : 

Let Ti, Tj and Ta represent the temperatures ^ven by the thermo- 1 
couples, ii and (a the temperatures of the water as it enters aad 
leaves the calorimeter, P the quantity of water in grams which 
passed through it every minute. 

By interpolation the temperatures % and Ti of the upper and 
lower faces are obtained. The quantity of heat Q traversing per 
second an area equal to that of the caloruneter bottom is: 
_ P(h - U) 



= ' 



60 



The coefficient of heat conductivity is: 

_ S(T,- Tg) 
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S being the area of the bottom in square centimetere and L the 
thicknesa of the pLate in centimeters. 

In the test given, in Figs. 107, 108, of a magnesia brick, 
Tt = 265°, r, = 807", Tt = 1020" (temperature of furnace), 
ii = 14.9=,fa = 21.3°,L = 5cm.,S = 125cm.^P = 1020 gm., 
then Q = 108.8 gram calories and 

a = .0066 gram-calorie imits of conductivity. 



r, - am" '•" ^*-» o - 108.8 r. 



0.E 1.0 1.G 1.0 Z.& S.O g.E 4.0 LG 6.0 em. 

FiQ. 108. — Test of Magnesia Brick.* 

Wolc^dine finds that the conductivity of fire bricks increasea 
with the temperature of burning, e.g., bricks (a) burned at 1050° C. 
had a conductivity of 0.0037 gram calorie; and bricks (b) burned 
at 1050° C. had a conductivity of 0.0035 gram calorie; while bricks 
(a) burned at 1300° C. had a conductivity of 0.0051 gram calorie; 
and bricks (6) burned at 1300" C. had a conductivity of 0.0042 
gram calorie. 

Again plates from gaa retort mixture gave these resuHa. 
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* Eleclrochemieal and MelaUurgicai Indiistry, 1 
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This shows clearly the increase of the heat conductivity with 
the temperature. Similar tests were made with all refractory 
materials; all behaved in the same general way with the exception \ 
of chromite, whose heat conductivity is independent of tempera- ] 
ture. Yet the degree of increase in conductivity varies in all | 
materials. For instance, carlx)rundura burned at 1300° C. has five i 
times the conductivity of that burned at 1050° C, while magnesia 
increased only 5 per cent in the same range of temperature. ' 

Mixtures with a clay basis, when burned at 1030° C'., have an | 
equal coefficient of conductivity in metric units of alxjut 0.003. 
When burned at a higher temperature than that of 1300° C. the I 
coefficient is notably higher, namely, 0.0045. Silica brick have a | 
lower conductivity than the clay bricks if burned below the tem- 
perature at which quartz is transformed into trydiraitc. The con- 
ductivity of magnesia brick is about double that of clay bricks. 
Graphite and carborundum bricks have a conductivity neariy five 1 
times that of clay bricks. Finally, kieselguhr brick has the lowest ( 
heat conductivity coefficient, 0.0018, i.e., equal to only half that I 
of clay brick. The conductivity always increases with the tern- ' 
perature whether that be obtained in the burning kiln or in the 1 
industrial furnace. 
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Deneity. — In a Himilar way the property of density varies 
with high temperatures, hut this does not increase as the con- 
ductivity, but naturally diminishes the higher the temperature 
to which the refractory is heated. The density of silica brick 
burned at 1050° C. was 2.75; it became 2.62 at 1300° C, and 2.57 
after long heatmg at 1400° C. 

This increase in volume is due to the allotropic transformation 
of the quartz in trydimite. The change in density is accompanied 
in the case of the silica brick liy only a slig;ht chango in porosity. 
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Fit;. 109. — Comluotivity (Abscissae) and Porosity (Ordinatea) 
of Ditlcrcnt Bricks. 

With the pure magnesia brick a marked change in porosity accom- 
panies the change in density. The density 3-07 of the magnesia 
burned at 1050° C. Iwcomos 3.39 when burned at 1300° C. The 
accompanying tables shows the various changes in density, con- 
ductivity, poro.'^ity and gas permeability which accompany the 
changes in temperature of heating and burning. 

Permeabili^. — In regard to permeability the size of grain 

and other physical contlitions influeneo this property. Thus • 

granite bricks with a rather high porosity (25 to 28 per cent) are 

practically im]>enneable to gasis, proving that the pores are 

* Elcdrachcmioil and Metallurgical Indiulry, Vol. 7, p. 433. 
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numerous but very small. Silica bricks burned at 1050° C. havea 
permeability of 3.3 liters per hour, but at 1300° C. their perme- | 
ability is 192 liters and at 1400° C. it is 241 liters per hour. ] 

Fire-clay and bauxite bricks behave in a similar manner.* 
With all fire clay and silica refractories the law holds "that the 
heat conductivity of refractories is that of thef air enclosed in J 
the pores and not that of the clay material itself." 

Chromite, magnesia, carborundum and graphite do not obey this 1 
law. See Fig. 1 10. The following table illi^trates the way the pep- I 
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Fio. 110. — Graphite, Carborundum, Magnesiu and Chrome Biicka (other j 
than Clay Refractories) do not obey the Law that Conductivity incre 
with Porosity. 

meabiUty and conductivity increase with the porosity. The con- ' 
ductivity increases when the enclosed air bubbles have the greatest I 
maximum mobility, i.e., when the permeabiUty is greatest. 
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1.02 
37,84 
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106.2 


0.89 
0,96 
1.25 

1 32 

1,50 




Fire brick, RB-5 









Taking bricks of a like porosity, for example, 30 per cent, Fig. 
109 (P-2, B-5, RB-5, RA-5, RB-9), it is seen that the perme»-| 
bility increases with the conductivity. 

• Eleclrochemicai MelaUuTgkal Industry, Vol. 7, p. 436. 

t Simonia and Wologdine. 
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The silica bricks with an equal porosity, 42 per cent, Fig, 1 
appear to justify the same conclusion. 
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The Measurement of Permeability.* — The permeability 
varies in a marked degree when the other physical properties vary 
but slightly; this is to be explained by the relatively large changes 
' in the dimensioas of the capillary pores due to the allotropic trans- 
formations of the clay, silica, magnesia, etc., which changes are 
usually followed by increase or decrease in the density. 

The gas permeability is not a constant for a given specimen, as 
it varies with the different axe.s. The permeability in an axis 
normal to the face of a plate is different from that in an axis parallel 
to the surface. 

This phenomenon prevented the use of a very simple measuring 
method which consisted in the determination of the volume of 
air passing in a given time, through the thickness of the plate, 
when a known gas pressure is maintained in a tube apphed to the 
surface of the brick under test. 

By comparing the figures so obtained with the results of the 
determination made on small cylinders cut out of the same plates 
and enclosed in a glass tul>e, it was found that the ratio between 
the two seta of figures was so large as to exclude the influence of 
experimental errors. 
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In the preceding table are given the results obtained by 1 
two methods. 

It was thus necessary to select the second method, though it ^ 
necessitated a long and tedious preparation of the specimens. 
Cylinders were cut about 40 mm. in diameter and of the thickness 
of the plates; a coating of paraffin was applied to the cylindrical 
surface, leaving exposed the two parallel faces. It was neeessary-J 
to avoid all air bubbles between the specimen and the paraffin and J 



Fio. 111. — AppiirjitUB fw DctcmiiniiiK Pprnieabitity. 

to prevent at the same time any penetration of the paraffin in the I 
pores of the cylinder. 

This was best attained by rubbing the cold cylinders with aM 
piece of paraffin ju.st about to solidify. 

Thus prepared, the cylinder is introduced into a glass tube, 
the joint between the glass and the cylinder beii^ carefully luted 
with paraffin to avoid any leaks when gas pressure is applied in the 
tube, the other extremity being closed by a rubber cork provided 
with a small glass tube. 

In Fig. Ill is shown the apparatus used with bricks of smalll 
permeability. 

The cyhnder C, 55 mm. in diameter and of about 2 liters eapao-1 
ity, graduated in cubic centimeters, served to measure the volume.! 
of air passing through the brick "G" in a given time. 

The cylinder C was connected at its lower extremity with aM 
bottle B, which received the wat«r flowing from a Mariotte bottlal 
A ; the upper extremity of C, provided with two cocks r', 
connected with a flask D, which in turn was in communicaticoi'l 
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, with the tube E, holding the brick cylinder under test G, and with a 
manometer F, the tube T of which was inclined to a slope of I in 10. 

For bricks of great permeability the tube C was replaced by a 
lai^ gasometer graduated in liters. 

Tests were conducted as follows: 

The bottle B is lowered with cock r' open, thus filling C with air, 
■' is then closed and B raised to a height h, this giving a pressure 
p in the cylinder E\ the pressure is measured by the manometer 
F; as the air passes through E, the head ft decreases; to maintain 
it constant, water is alloWed to flow from the Mariotte bottle A. 



• When a state of equilibrium has been established tKe level of the 
water in the manometer T remaining constant, readings are taken 
of the water levels in C. To detect any leaks through the paraffin 
coatings the tests were repeated at least twice. For most of the 
bricks additional determinations were made by reversing the 
direction of the gas flow through the cylinders G, by turning them 
end for end in the glass holder E. All tests were repeated until 

' concordant figures were secured. 

The coefficient of permeability v is the quantity of air in cubic 

I centimeters passing under a head of 1 cm. of water in one second 

I lAirougb a cylinder of 1 sq. cm. cross section and 1 cm. in height. 
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For practical applicatioos the coefficient v may be better e 
pressed by the number of liters passing in one hour through t 
surface of 1 sq. cm. meter thick; this new coefficient is V. 

Let g be the quantity of air in liters jmssing t minutes under the 
pressure p-po (po being the height of water in the manometer 
tube T corresyronding to the atmospheric pressure) through the 
cyhnder of cross section s and length I. 

The coefficient of permeabiUty will then be: 
1000 g/ ^ 16.667 gl 

" i(p-Vv) XQOS {{p-jhdS' 

Fig. 112 shows the relation of permeability to density. 

Flow of Heat through Furnace Walls. — The quantity 
heat Q' flowing through a given wall of a furnace of almost e 
character is proportional to th<} difference in temperature, T, b 
Ti, of the two faces of that wall. For a given difference in tem 
perature Q' is inversely proportional to the thickness r. 
heat flowing through a section of the wail is proportional to t 
area A of that section. Q' is necessarily proportional to the t' 
(, over which measurements are taken. 

■ Therefore, Q' ^ K- "^ "^ Al. 

K is a constant, the thennal conductivity of the material. 
Q' ia expressed in calories, T^Ti in centigrade degrees, A in squarti 
centimeters, r in centimeters and t in seconds, then K will he i 
calorie seconds. 

Messrs. Ray and Kreisinger* in testing the flow of heat through 
furnace walls reached the conclusion that in furnace constmctioi 
a solid wall is a better heat insulator than a wall of the same t 
thickness containing an air space. The air space is less insulatin 
the nearer it is to the hot interior face of the wall, and the cIoe 
it is to highly heated boilies. Should it be desirable to build t 
walls in two parts to minimize the formation of cracks by the e 
pansion of the brickwork, the interlying space should be filled t 
with some loose solid insulating material such as ash, crushe( 
brick or sand. However, when heat at low temperature is to fc 
insulated, it is perfectly correct and advisable to use air spa( 

The quantity of heat flowing by conduction from one plan* 

another through any portion of the furnace wall depends upt 

• Bulletin 8, Bureau of Mines, 1911. 
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the difference of temperature between these two planes and upon I 
the resistance to the heat flow. With the same temi)erature j 
difference, if the resistance is high, a small quantity of heat fJow3 1 
through; if tlie resistance is low a large quantity flows through. 
Or, if the quantity of heat is to remain constant the temperature I 
difference must be large if the resistance to the heat Sow is high, 
and small if the reastance is low. 

So, in the case of the furnace wall, where the quantity of heat 1 
passing between any two planes which are parallel to the surfaces I 
of the walla ia the same, the temperature difference between any | 
two planes indicates the resistance which the material or space | 
between the two planes offers to the flow of heat. For example, 
if the temperature difference between the faces of the fire-brick 1 
wall is high, it may be said that the resistance of the material ] 
of the wall is high, or, if the temperature difference between the 
two surfaces on each side of the air space is low, it may he inferred 
that the resistance to the heat passage across the air space is low. 
Thus it is possible to rely on the temperature difference as being 
a true indicator of high or low resistance to heat flow between any I 
two planes which are parallel to the surface of the wall.* 
/ From numerous experimenta it was found that the average I 
/t-emperature drop through the 9-inch fire-brick portion of the roof J 
of the furnace was 350° C, through that of the aide wall (9 inches) ( 
I about 450° C.f Accordingly the amount of heat flowing through I 
Hhe fire-clay part of the side wall is 1.3 times that passing through I 
the fire-clay roof. 

Then experiments were made with an air space of 2 inches in the j 
side walls, between 9 inches of fire brick and 8 inches of common l 
and repressed brick, and with a flake asbestos insulation of 1 inch I 
on the roof between 9 inches of fire brick and 4 inches of repressed I 
face brick. 

The manner of making and plotting the experiment may be I 
shown by describing the first test of Messrs. Ray and Kreisinger. 

Figs. 114, 115, 116 give the temperature drops through the side j 
wall as recorded by sets of couples placed in the side abd, and 
throi^h the roof as recorded by the set of couples placed in the J 
roof re {see Fig. 113). At the bottom of the figure is shown dia- J 
grammatically the thickness of the side wall, and at the top of the J 



• Bufleiin 8, Bureau of Mines, ISll. 
t The temperature in the furnace wiv 



approximately 1000" C, 
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figure is ahortji the thickness of the roof; in each casr the mPasiire- 
menta ot thickness are used as abscissse in the chart. The tem- 
peratures at th«; various points are plotted aa ordinates. The figure 
shows three temperature gradients or dropa through the wall and 
through the roof, one at II a.m., April 12,when the test was started, 
one at 4 p.m. the same day and one at 2 p.m. the next day. 

The first two gradients give the relation of the temperatures 
before the equilibrium is reached, and are interesting only when 
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compared with ono another to show how the temperatures change 
with respect to each other while the walls are being heated. The 
last gradient represents the equilibrium and is of moat interest. 
The striking feature concerning the side-wall thennocouples, 
set b, is the large temperature drop through the fire-brick wall; 
the very small drop through the air space, and, again, the large 
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temperature drop tlirough the common brick wall. These drops 
plainly indicate that the resistance to heat passage of the air apace 
is very low compared with that of either brick wall, being about 
one-fourth aa much. The last temperature gradient through the 
roof, aa given by the set of thermocouples c, shows a rather low 
temperature drop through the fire brick, a high drop through the 
1-inch layer of asbestos and a rather small drop through the com- 
mon brick. These temperature drops indicate that the resistance 
to heat flow of the 1-inch asbestos layer is higher than that of 
7 inches of fire brick. Also, by comparing the last gradient 
of couples 6 with that of couples c, it is easy to see that 1 inch of 
asbestas is much more effective as a heat insulator under the 
existing conditions than a 2-inch air space. Although the total 
thickness of the roof is 5 inches less than that of the aide wall, a 
Hmaller quantity of heat per square foot is lost through it than 
through the side wall. 



CHAPTER XV 

HEAT MEASUREMENTS IN THE METALLURGICAL AND 
CERAMIC INDUSTRY 

Almost every engineer and metallurgist wishes to ascertain the 
temperatures of furnaces, of waste gases, of blast, of slag, matte 
and of hot metal. Every ceramic engineer must know the tem- 
perature at which Ills ware should be burned. 

The progress in the manufacture of exact thermompters and 
pyrometers has been more active in the last few years than in any 
previous decade. The later editions of Percy and the earlier booka 
of Kerl are rnpletc with methods of reading high temperatures by 
the use of the known temperature of fusion of alloys and metals. 
Later, for high temperaturoa, mixtures of feldspar with clay or 
gypsum were used, which led to the introduction by Seger of hia 
well-known scale. The metal' scale, stil! used to a limited extent 
in Germany, confiiats of thin metal sheets of the following compo- 
sition and temperature of fusion: 

Molting at 

(1) 800 parts silver, 200 parts copper 850° C. 

(3) 950 parts ailvcr, 50 parts copper 900° 

{3} Purti silver 954° 

(4) 400 parts silver, 600 parts gold 1020° 

(5) Puregold 1074° 

(6) 050 parts gold, 50 piirUt platinum 1100° 

(7) 900 parts gold and 100 parts platinum 1130° 

(8) 850 parta gold, 150 parts platbum IIOC 

(9) 800 piirts gold, 200 parts platinum 1190° 

(10) 750 parts gold, 250 partfl platinum 1220° 

(U) 700 parts gold, 300 piirts platinum. 1255° 

(12) 000 parta gold, 400 parts platinum 1320° 

(13) 500 parts gold, 500 ports platinum 1385° 

(14) Platinum 1775° 

The disadvantage of this metal scale lies in the slow fusion of 
the platinum alloys. The original scale of feldspar mixtures was 
succeeded by the Seger scale, in which various mixtures of quartz, 
feldspar and marble alkalis and pure clays form a fairly accurate 
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scale with differences of from 20 to 30° C. between the fusion points 
of the different raixtures. The clays or clay mixtures are sold in 
the form of small pyramids and numbered in such a manner that 
No. I melts at 1 150° C. while the scale runs down to No. .022, 
which melts at 590° C, and up to 42, which melts at 1970° C. 
The composition of the cone which melts at 970°, for instance, 
which is called No. .09, is as follows: 3.56 part SiOi, 0.55 part BjOj, 
0.3 part AljOa, 0.2 part FejOj, 0.3 part KiO, 0.7 part CaO. A mix- 
ture melting at 1690°, called No. 28, is composed of AIiOj, 10 SiOt. 
To determine the temperature of a kiln or furnace it is necessary 
to use at least three cones. It we know, for example, that the 



Fig. 117. — Manner of uaing Seger Cones to determine the Quuntily of 
Hoat in a Fumuee. In the Illustratioa Cone 07, whiuh turas over at 
1010° C, has Dot yet fused. Accordingly the Temperature may be 
set at 1000° C. for Clay Work. 

approximate temperature of a vessc! is 1500°, we would place on a 
brick in the kiln, or on a suitable support in the furnace, cones 
Nos. 17, 18 and 19, which fuse at 1470°, 1490° and 1510° C. Sup- 
posing cone 19 did not fuse at all, cone 18 "sweated " and cone 17 
turned down, we would know that the temperature of the vessel 
was between 1470 and 1490° C. The eones find their greatest 
application in the ceramic industries, and are used almost invari- 
ably by makers of high-grade refractories. For further informa- 
tion on the development and on the use of the scale readers are 
referred to "The Collected Writings of Seger," to the files of that I 
excellent journal "Die Thonindustrie Zeitung" and to the papers 
of Dr. Orton of Columbus, the doyen of American clay workers. 
The cone should not be regarded as an exact measure of the degree j 
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^ of temperature. It represents to the clay and brick worker the ^^M 


^H conditions of time and heat which will accomplish certain results ^H 


^H in fusion and vitrification. The cone which "turns down" or ^H 


^H fiisea shows that the stage of heat energy has been reached in the ^H 






broadly translated in degrees of temperature. 
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Since the developmeat of the pyrometers of the thermocouple 
and radiation type, the exactness of work deduced friiiii thi.' fusing 
point of Seger cones has been frequently discussed. Dr. Hoffmann * 
of the Physikalisch-Technischer Reichsanstalt describes his exact 
researches into the accuracy of the scale in field work. He found j 
in repeated laboratory experiments that the cones fused at e.p- | 
proximately the temperatures indicated on the scale, but in the i 
k'l" or furnace at very different temperatures. In all cases the 
cones fused at a temperature of from 45 to 95° C. lower than that 
indicated on the scale. 

Dr. Hoffmann conducted his field work in a silica ware Mln, or I 
a Rundofen belonging to the Rhenish Chamotte and Dinas Works i 
in which chamotte was burned imder the ordinary conditions | 
which accompany the manufacture of the refractory ware. Before I 
testing the cones in the kilns he most carefully determined their % 
fusion point in the laboratory, and controlled the results obtained J 
in the Rhenish work by testa in the Royal Porcelain Factory at 1 
Berlin. 

The appended table shows the results obtained. 
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The cause of the lower temperature of fusion in the porcelain 

and dinas works is due first of all to the increased length of time 
in which the cones are exposed to the influence of heat, particular^ 

• Thonindiistric Zeitwig, 1911, p. 1090. 
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bX the temperature near which they would softea and fuse. An- 
other reason probably Ues in the chemical effect of the fire gases 
and dust. We are all familiar with the crust which forms on the 

ides of the cones most exposed to these gaaes, which is formed 
ihy the disc forming a more readily fusible slag with the clay. 
Even when the cones are placed in cups, this is not altogether 
avoided. These conditions do not obtain in the laboratory 
furnaces. 

Dr. HofTmann has confirmed, by his tests on an iridium labora- 

iry furnace, the scaieof fusion temperatures of cones given by Seger 
'and others. The conditions in the laboratory do not obtam in 
the field and he has demonstrated that the Seger cones do not 
fuse in the kilns at the temperature indicated both by the scale 
and the test in the iridium furnace. He recommends the use of 
the thermocouple pyrometer to determine temperatures in kilns 
and furnaces. But until we have invented 
pyrometers which will determine high tem- 

»perature3 with a greater degree of exactness 
than the present types of thermocouple and 
optical pyrometers, the cones will maintain 
their field of usefulness to ceramic worker.";, 
/''^rhey represent heat energy in time and 
/ degrees obtained in kiln.s, rather than the 
I actual temperature existing at the time of 
y observation. 
^ Tbeimometers. — The other methods of 
determining temperatures are provided by 
thermometers and pyrometers of the resist- 
ance, thermoelectric and optical types, and 
further (where extreme accuracy is not re- 
quired) by the ii^enious water pyrometer 
(Fig. 118). Before the development of the 
first-named types of pyrometers the water 
pyrometer served a very useful purpose i 
the wide field of metallurgy. It was simple p,o_ ug. _ g] 
in" construction and easy to manipulate. As Water Pyrometer, 
the quicksilver thermometer cannot be used 
for temperatures above 550° C. (even when compressed gases, such 
as nitrogen, are used in the capillary tube) and not above 350" C. in 
the ordmary thermometer, the water pyrometer wsa employed in 
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reading temperatures up to 1500° C. The apparatus of a Siemens* ] 
water pyrometer consists of a disc of nickel, platinum or copper, a 
can containing more than a pint of water and a thermometer and'l 
scale. The cylinders, or discs, are so adjusted that their heail 
capacity at ordinary temperatures is equal to one-fiftieth of that 1 
of the copper vessel with the pint of water. To measure fumacafl 
temperatures it is only necessary to hold the disc in the furnace! 
by a pair of tongs until it has assumed its temperature;] 
then, withdrawing the disc, drop it into the water in the can! 
and mark the rise in temperature which the thermomete 
records. 

A scale is provided at the side of the thermometer scale aiull 
shows the temperature. This corresponds to the level of the menis-'f 
cus of the mercury. This high temperature scale is tested, before 
the pyrometer leaves the factory, for the actual rise in degrees dfM 
the mercury will represent a different value on the high tempera^fl 
ture scale for different water contents of the can. Copper discs are'l 
used in the reading of temperatures up to 1000° C, nickel, 1400° C J 
and platinum, 1500° C. Generally, one pint of water is usedl 
and the discs weigh respectively 137, 117 and 402 grams. Tbel 
actual temperature of the furnace will be represented by the! 
addition of the reading on the high temperature scale to the gain 
in temperature on the thermometer scale caused by the com- 
munication of the heat of the disc to the water in the can. The , 
application of the water pyrometer is found more generally ioiM 
steel works where the temperature of armour plate and ! 
boxes in the course of finishing will be decided by placing a d 
on them and then reading the temperature after dropping ) 
disc into the can. 

Self-recording Pjrrometers. — The most widely used of th( 
resistance type, employing the principle that heated platinimi'l 
wire has a different electrical conductivity to the cold metal, 
employed for measuring temperatures up to 1200° C. Anothea 
principle, that the contact of two metals at a fairly high or high j 
temperature induces an electrical current which may be read odI 
a galvanometer, is applied under the name of the thermoelectric ■' 
pyrometer in the use of such couples as copper-constantan for 
temperatures up to 500° C. ; platinum-platinum rhodium for tem- 
peratures up to almost 1500° C. and platinum-platinum iridium u 
to 1500° C, while nickel-nickel alloys are employed for the readia 



HEAT MKASUREMENTS 



313 



of temperatures up to 10CM)° C. Many other couples are in vogue, 
such as iron-niekr-l i-hromc. 

Electric-resistance Pyrometer. — Tliis consists of two essential 
parts — tlie lieating clement and the indicator. The former is 




Fio. lis. — Pklinum Ek-i'trii 



Pyromptdr 



a cuil of platinum wire wound about two strips of rnlca and en- 
closed in a porcelain tube. Under these conditionH the resistance 
I of the coil undergoes no change such as would occur if heated in 
I the presence of silica, clay, iron or furnace gases, and may l)e used 
[ for an indefinite number of times with concordant results. The 
j coil of platinum wire, about 1 inch long, is wound on the mica 
[plates, and connected to heavy copper or platinum leads insulated 




I 



one another by fire-clay tubes. These leads are connected 
binding posts in the handle of the instrument. C'onipensating 
leads of the same size a^i the conducting bands extend from the 
platinum coil to the binding post, and from the latter the two sets 
of leads are connected to opposite arms of a Wheatstone bridge. 
The resistance current on conducting leads and that on tho 
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compensating leads balance each otiier so that the change in 
resistance to current measured on the Wheatstone bridge, when 
the platinmu coil is exposed to the heat which is to be deter- 
mined, is due solely to the change in the platinum resistant 
coil, which varies with the degree of temperature. The electriiM 
resistance pyrometer may be used both for temperatures belotr^ 
zero as well as for temperatures up to 1200" C, when platini 
begins to volatilize and the resistance is increased. The tem-j 
perature may be read on a galvanometer which is graduated 
Fahrenheit or centigrade degrees, or by the use of a telephone an< 
a pointer which is shd along a resistance-cable wire and is heli 
when the humming in the telephone stops. The number of degr* 
which the pointer now indicates represents the temperature 
the hot body in which the platinum coil is inserted. 

The thermoelectric pyrometer is capable of measuring tempei 
tures approaching the melting point of platinum by means of th( 
current produced by the heating of the junction of a thermi 
electric couple registering on a D'Arsonval galvanometer. Fol 
general puryrases one of the wires which compose the couple is 
platinum alloyed with 10 per cent rhodium, while the other is 
pure platinum. The couple protected by a tulie of fire clay and] 
cormected with the galvanometer is inserted in the furnace 
when a current is produced and measured on tlie galvanometer! 
scale, which is calibrated in millivolts and degrees. The thermo- 
electric pyrometer is almost instantaneous in its indications of the 
temperature; a reading may be made in five seconds after insertion 
in the heated body, or, if desired, it may be left permanently in 
the furnace and the temperature may be written on an automatJi 
scale recorder. It is generally adopted for high temperatui 
(between 1000 and 1600° C). 

Optical Pyrometers. — Where contact with a hot body, gas 
flame is difficult the temperature may be read under normal coi 
ditions with fair accuracy by means of an optical pyrometer. The 
types of optical pyrometers in more general use are the Fery radia- 
tion, the Fery absorption and the Wanner pyrometer. The Feiy 
radiation pyrometer finds its field of usefulness in the range of higb 
temperatures, such as measuring the heat of the flame of a Bessemt 
converter. Since the pyrometer is always placed at some distant 
from the furnace and no part of it Incomes excessively hot, it 
always in good order, and work with it is both rapid and (»i 
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fortable. The principle of the radiation pyrometer is this: the 
radiation which emanates from a hot body or which passes out 
through an obHervation hole in the wall of the furnace, falls upon 
a concave muror and is thus brought to a focus. In this focus is 
a thermoelectric couple, the temperature of which is raised by 
the radiation falling upon it. This is connected ^ith a galva- 
nometer recording, in millivolts and degrees, the temperature. 
The hotter the furnace, the greater the rise of temperature of the 
couple. The arrangement of the pyrometer precludes any influ- 
ences that would impair accuracy from the size of the hot body 
or observation hole, and also from the distance of the pyrometer 
from the hot body or furnace. Thus the temperature of a stream 
of molten sf^et was found to measure the same at a distance of 
3 feet and also of 60 feet from the pyrometer. The instrument 
may be used continuously and be connected to a self-recording 
heat register. 

For measuring the temperature of such smaU hot bodies, as 
incandescent filaments, the Fery absorption pyrometer has found 
a widening field of application. It consists of a small telescope 
which carries a small lamp called the comparison lamp. The 

age of the flame of this lamp E, Fig. 121, is projected on a mirror 




Jb ( 

Fig. 121. — Fery Absorption I^rometer. 



F at 45", placed at the principal focus of the telescope. A narrow 
vertical strip off of this mirror F is silvered. The telescope is 
-focused on the object, which is viewed on either side of the silvered 
atrip. By means of a pair of absorbing-glass wedges C and Ci, 
which are moved laterally by a micrometer screw, the light from 
liie object is made photometrically equal to that of the compari- 
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son lamp. An auxiliary dark glass D enables the iustrument tcf^ 
work over a higher range of temperature. A table converts th< 
readings obtained by the scale and micrometer into degreesl 
centigrade. In the figure K represents a crucible on which tho^ 
telescope is focused. 

The Wanner is an optical absorption pyrometer wliich can meas 
ure temperature from 625 to 1000" C. The use of it involves thej 
comparison of the quantity of light emanating from the 1 
mass to be measured with a con-stant source of light. 

In order to be able to measure low temperatures and minimize 
loss of light in passing through the apparatus, a small two-volt 
osmium lanip, placed within the vertical handle which joins the 
horizont-al optical tube, is used as the standard light. A battcryj 
of cells provides current for the osmimn lamp, which may I 
standardized and controlled by an accessory amyl-acetate lampj 
with either a support for adjustment, which indicates the nora 
condition on a scale, or by a resistance box, which is switched intOg 
the lamp circuit along with a voltmeter. 

In adjusting the pyrometer the amyl-aeetate lamp is placed aN 
the opposite end of the pyrometer to the eyepiece. This lamp ii 
provided with sights which ar(i placed in a line with the pyrometer** 
Then the osmium lamp is connected with the battery. Now oilI 
lookmg through the eyepiece and pressing the button of thai 
handle, a red illuminated circle becomes visible; the upper semi-P 
circle is lighted by the amyl acetate, the lower by the osmium-J 
incandescent lamp. When the two semicircles are equally bright^fl 
the pyrometer is ready for use. To measure the temperaturetjl 
of a furnace remove the amyl-acetate lamp aaed for standardinine^ 
and point the photometer toward the door or source of heat^i 
make comparisons of the illuminated semicircles ^nd adjust ( 
equal fields. By means of the figure or number obtained from 
the scale of adjustment on the pjTometer the temperature i; 
from a table. 

To adjust the pyrometer fitted with voltmeter, light the amyl-ace>l 
tate lamp as before, adjusting it to normal conditions, and correct 
the pyrometer-osmium lamp to equally illuminated fields. The vfAni 
tage on the meter is that at which the osmium lamp is now buminj 
The voltage of a new osmium lamp is given by the manufactureriBdl 

Pyroscope. — Among the very us(iful pyrometers must be cla* 
the pyroscope, made by The Shore Instrument and Manufacturing- J 
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Company. This is marketed in two classes. The first reads tem- 
peratures from 1200 to 2000° F., and the second, temperatures from 
2000 to 3000° V. It irt au optical pyrometer in which the com- 
parison ijf Uif intensity of light in a furnace, or emitted by an 




The Shore Pyroscopc. 



object, is made with an ordinary kerosene lamp. It is accurate 
to within 20° F. and is always in fair order and may be turned 
over to furnace men to use in case-hardening, ceramic and other 
work. 
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; ID the case above 

I kg. X 2473 



2.33 X 0.248+ 4.46 X 0.244 

where 0.248 and 0.244 represent the specific heat of CO and N 
respectively. 

Since, however, carlwn and oxj'gen do not combine at CC, 
we must add the heat already provided to effect their combination. 
For instance, suppose the carbon heated by the gases rising in the 
shaft of a furnace. Let us assume that the temperature of thfsc 
gases ia 1200° C. Then 1 kg. of carbon will, in addition, furnish 
' the extra calorific power obtained from being heated to 1200", which 
amounts to 1200 X 0.22 (the specific heat of carbon) or 264 cals. 
Then the real heat produced by the combustion of 1 kg. of carbon 
will be 

_ 2473 + 264 



2.33 X 0.248 



- 4.46 X 0.244 or 1659° C. 



Should the air or blast be heated to say 400° C, wc have a further 
increase of heat value and raising of temperature by the following 
amount. The quantity of air u.sed to hum 1 kg. C is 5.79 k 
Specific beat is 0.237, its temperftture 400° C. 

5.79 X 0.237 X 400= = 548, 
therefore, 



2.33 X 0.248 



Similarly, if the temperature be known, the total heat energy may 
be calculated: 

W = TiQS + QiS, + ■ ■ 

where Q = the products of combustion. 

The temperature indicated by the preceding calculations will be • 
diminished by the loss of heat, such as is demanded for warming 
the walls of the furnace, for radiation and for effecting chemical 
dissolution of compounds. 

Yet the rule stands, that every increase of the products of com- 
bifetion without corresponding increase of the heat energy reduccD 
the temperature of combustion. Nitrogen and moisture in air 
are accordingly dead weights. Moisture is particularly detri- 
mental to high temperatures on account of its high specific heat. 
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Accordingly, the less moisture and the less nitrogen we have in 
blast for combustion, the greater the temperature we produce. 
We cannot control the nitrogen, but we can very often eliminate the 
moisture. The appended calculations show the relative value of 
producer gaa with and without moisture, 

The gaa in question analyze<l 17.4 per cent moisture and COs= 
11,8 per cent by volume. 
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Let T' represent the temperature produectl with moisture content, 
and T" represent the temperature produced without moisture 
content, by 1 kg. gas. 

^ wt. CO Xcal,value + wt .CH<Xcal.value+wt-HXcal. value 
wt. COj X spec, heat + HsO X spec, heat + N X spec, heat 
0.1402 X 2403 + 0.168 X 1200 + 0.0079 X 28780 



7" 



= 1255° C. 



T"- 



= 1082° C. 



507 X 0.217 + 0.109 X 0.480 -f- 1.835 + 0.244 
0,1150 X 2403_+ 0.0139 X 1 200 + 0, 0066_X 28780 ^ 
0.419 X 6,217 + 0.2(53 X0'.480+ (L5"17"X 6.244) ' 
Had regenerative checkers been used in the furnace in which 
the gases were burned, the calculations would be modified. To 
the calorific value as obtained above would be added the heat 
energy produced from the quantity of gasea passing through the 
checkers. This, multiplied by the specific heat and then by the 
temperature of the checkers, say, 400° C, represents the heat 



Then 



and 



_ 765.382 + 400 X 0,24 

0.61 
_ 635.496 + 400 X 0-28 _ 



1411° C. 



1273° C. 



0,587 

The difference in the specific heats of the gases calculated under 
T' and T", namely 0,61 and 0.587, is due to the content of moisture 
in the gas with a value of 0,587, 
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Note that the CO2 and H2O result as follows: 



CO, 


In gas without 
moisture. 


In gas with mois- 
ture. 


CO2 itself 


kg. 

0.194 
0.220 
093 


kg. 
0.161 
0.182 
0.076 


CO2 from combustion of CO 


CO2 from combustion of CH4 


0.507 


0.419 


HjO 


In gas with mois- 
ture. 


In gas without 
moisture. 

kg. 
0.032 

0.059 
0.172 


H20fromCH4 


kg. 

0.038 
0.071 
0.0 


H2O from H 


Moisture 




0.109 


0.263 


N 


Without moisture. 


With moisture. 


N itself 

N drawn in with in air which forms 
CO2+H2O with CO+H 


kg. 

0.641 
1.194 


kg. 
0.530 

0.937 






1.835 


1.517 



CHAPTER XVI 

THE PREPARATION AND USE OF THE COMMON 
KINDS OF BRICK 

Common brick may be divided into the two general classes of 
clay and sand-lime brick. The clay brick varies in character and 
composition from that of the sun-burned adobe mud form, made 
in large quantities in hot dry countries, to the first-class face, 
paving and fire brick. 

The sand-lime brick is not as strong as the better class of clay 
brick. Yet it is being used for the inside and faces of building 
walls and has been laid in the form of paving blocks in Europe. 

The preparation of clay brick may be considered in the proc- 
esses of mining, cleaning and grinding the clay and of moulding, 
drying and burning the brick. 

The Deposit.* — When a deposit of clay has been found and 
proved to be of such a quality as to warrant further testing, the 
shape and extent of the deposit should be determined as accurately 
a» possible. Then, a knowledge of its texture and uniformity must 
be obtained, i.e., whether the clay contains sand, gravel, concre- 
tions, etc. If these occur in streaks they may be avoided in mining. 
The character and thickness of the overburden is an important fac- 
tor to be considered, for it influences largely the method and cost of 
extraction. If the clay bed is not exposed across its entire thick- 
ness, holes should be bored through it at several points and the 
borings carefully preserved for samples. A post-hole auger, cuttii^ 
a hole 3 or 4 inches in diameter, will be found to be convenient for 
this purpose up to depths 30 to 40 feet. The size of the samples 
to be taken will depend upon the locality and convenience of 
transportation. When it is possible, 50-pound samples should 
be sacked so as to insure plenty of material for a test on a wortdag 
scale to supplement the lalwratory tests. If it is not practicable 
to get samples of this size, 5- or lO-pound samples should be taken 

• In thia chapter I have used extcnaivcly an article by Edgar K. Soper, in 
Eng. Jt MiTt. Journal, Feb. 3, 1012. 
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as a miDinmra. The samples should be taken from several points 
on the clay bed and from the bore holes. If larger samples are 
desired for running large working tests, pits should be dug at 
the points where the borings were made. Clays are usually wet 
and sticky and for that reason any ordinary tag or label would 
be destroyed or the mark obHterated. Experience has shown tliat 
the best system of labelling clay samples is to use small tin discs 
upon which the mark is stencilled. 

Testing the Clays. — ^Wliile ahnost any clay may be used for 
making common brick, many clays are especially suited to some 
particular use, depending u])on their characteristic properties and 
also to a large extent upon the situation and prevailing industry 
of the region. This particular use is the one to which the cUiy 
should be put in order to insure the largest profit, so the problem 
at hand, after the discoverj' and location of a deposit, is to deter- 
mine the use for which the material is best adapted, A chemical 
analysis of a clay is of little practical value, except in a few cases 
to be mentioned later. The commercial value of most clays will 
only be disclosed after a careful consideration of their physical 
properties. The most important tests to make are the follow- 
ing; (1) water required to attain raaximum plasticity; (2) the 
air shrinkage; (3) fire shrinkage; (4) percentage of absorption 
after burning at (Uffor<mt temperatures; (5) color after burning 
at different temperatures; (6) fusibility; (7) tensile strength; 
(8) plasticity; (9) rapid drying test. 

A mechanical test is often desirable to determine the relative 
amounts of the different sizes of the constituent grains. If the 
clay is to be subjected to artificial rapid drying, it should be tested 
to see whether it will stand it without warping or cracking. A 
simple chemical test often made is the determination of soluble 
salts. In clays to be used in the manufacture of Portland cement 
the percentage of CaCOj and dolomite is important. All of the 
physical tests enumerated alx)ve are made in the laboratory on 
small bricklets about 4 by 1 by I inches. The question as to how 
these laboratory results will compare with tliose obtained in actual 
practice is one which is commonly raised. In general, if the teats 
are carefully conducted, the results will be close. The air shrink- 
age is sometimes higher than in the factory on account of better 
mixing facilities at the latter place. In very sandy clays the 
error will be the other way. In practice the kilns are fired more 
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slowly than in the laboratory and this generally results in brighter 
colors at the factory since the iron in the clay has a better chance 
to oxidize. 

Mining Methods. — Clays and shales are commonly worked 
as open pitw or ciuarries, but in some instances underground 
methods are employed. It the deposit lies near the surface and 
but little overburden must be removed, then open quarries are 
universally emjiloyed. Clays are usually soft and do not require 
tiie use of explosives. In small operations where only a limited 
amount of clay is mined hand labor with pick and shovel is com- 
monly used, but kk more extensive plants, plows and scrapers, or 
even steam sliovels are in use. In some deposits of tough clay or 
bard shale, blasting is frequently necessarj- in order to loosen the 
material. Clay pits are usually drained by a series of ditches. 

If the clay bank is high (over 75 feet) it is usually carried down 
in a series of steps or terraces ui order to prevent sliding when 
the clay becomes saturated with water, especially after a heavy 
r^. This slipping or sliding along some seam or contact zone 
in the clay ls a danger constantly present in high banks of wet 
clay, and the factory or structure of any kind should never be 
placed at the base of auch a bank. In several instances entire 
clay yards have become buried beneath one of these landslides. 

Where the clay is not uniform, but contains alternate layers of 
material of variable composition, it is often desirable to excavate 
these different grades by layers and store them in separate piles. 
Another method of mining deposits of mixed clays is by a series 
of small pits dug by hand with a gouge spade. The material is 
graded and thrown into separate heaps at the surface. Where 
the pit is too deep for the workmen to throw the clay to the rim 
a platform is constructed half way to the surface, and the material 
is shovelled from the platform to the top of the pit. Buckets and 
windlasses are also used. 

The method of haulage from the bank to the shipping point or 
works will depend chiefly on the distance and quantity of material 
to be hauled, and also upon the topographic conditions. If the 
works are near at band, the clay Ls trammed by hand or in barrowB 
from the pit. Mules are often used to haul a train ot six or eight 
cars, or horses and carts may be employed. Where the pit is 
roughly circular, in plan, and carried down in a series of steps or 
terraces, horses and carts arc convenient and can be placed at the 
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bank and the clay can be broken directly into the carts. In 
regions of a precipitous character, or where the works are placed 
at elevations considerably above or below the clay pit, aerial tram- 
ways are often employed. Steam haulage ia used only in the 
larger works, and in general is economical only for difltances 
greater than 1000 feet, and where the locomotive ia kept more or 
less constantly employed. Various methods of stripping the clay 
beds are in use in different loeahties. Where the overburden is 
thick and extends over the entire deposit, steam shovels may be 
profitably employed. Wheel scrapers are often used where the 
distance to the dump is short. Some large clay beds have been 
stripped by hydraulic methods. 

Kaolin Mining. — Since most of the kaolin deposits worked 
in the United States are long and narrow, a method often adopted 
consists in sinking a circular pit in the kaolin al>out 25 feet in 
diameter. As the pit proceeds in depth it is hned with a cribwork 
of wood. This lining is extended to the full depth of the pit 
which varies from 50 to 100 feet. When the bottom of the good 
clay ia reached, the filling in of the pit is begun, and the cribwork 
is removed from the bottom and the timber recovered. Another 
pit ia then started, adjoining the first one. Often several pits are 
carried down together. In the Cornwall district of England a 
somewhat miusual method is employed for mining a sandy kaolin 
at considerable depth. This method is as follows: 

A shaft is sunk in the firm rock of the footwall of the deposit, 
which occurs as a steeply dipping kaolin vein. The shaft is con- 
tinued to a depth of about 20 fathoms and from the bottom a 
crosscut is driven to tap the vein. A raise is then put up through 
the clay and extended to the surface. In this raise a tight wooden 
launder is placed, and this ia provided with lateral openings about 
two feet apart, each of which is closed by a temporary wooden 
cover. This is called a "buttonhole" launder. The shaft is 
equipped with suitable pumps and work is ready to be^. The 
clay ground around the top of the launder is loosened to a depth 
of 6 or 8 feet, and a strong stream of water played on it. The 
clay becomes disintegrated and the fine clay particles are washed 
down the launder, through the crosscut to the sump of the shaft, 
from where the mixture is pumped to the surface. Here the 
milky mixture of clay and water is conducted through a series of 
broad shallow troughs. These are set nearly horizontal, and the 
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strc;am is divided again aad again to lessen the rate of flow and 
allow the fine sandy and micaceous particles ' to settle. The 
refined clay stream is finally conducted to vats where the clay 
substance is settled out, pressed, dried and is then ready for uae. 

A. R. Ledoux • describes a similar method recently adopted to 
work the kaolin deposit at West Cornwall, Conn. This deposit is 
not a sediment, but is a residual deposit in place. The clay lies 
in steeply-dipping veins, between a footwall of limonite and a 
hanging wall of gneiss and schist. The scheme of mining is to 
disintegrate the kaolin in place by jets of water under pressure, 
and to float the resultant product to the surface. To accomplish 
this holes are drilled through the overlying gneLsa, a pipe of 
4-inch internal diameter is inserted in the hole and driven into the 
clay to within a few feet of the footwall. The wells in operation 
are from 50 to 198 feet deep. A 2-inch pipe is inserted in the 
4-inch one, thus leaving an annular space around the inner jwpe 
tor the upward flow of the " slip " (slime). The clay particles are 
tliuy brought to the surface by the same general method that driO 
cuttings are brouglit uji in churn-drill operations. 

Underground Methods. — When a clay bed is covered by so 
great a thickness of overburden as to render open-pit exuvatian 
out of the question, midei^round methods may be adopted if iht 
clay is of high enough grade to make the operations profitable. 
Such methods, as a rule, are justified only in the case of fire days 
or high-grade kaolin. If much water is present it may readra- the 
deposit unworkable. The output from such clay mines is usually 
restricted, unless the workings underlie a large area and can be 
worked from several shafts or adits. Underground methods in 
clay deposits are chiefly developed in Maryland, Indiana, Pennsyl- 
vania, Missouri and a few olhor states where fire clays associated 
with coal seams are mined in this manner. 

Preparation for the Market. — Most clays do not require 
much preparation before they are ready for the plants Oeea- 
sionally they are hand picked to rid Ihein of eoncretkuis, pyiite 
balls, et<-. Often the clay is spread out in the sun to d^ far » 
few days Wore being sent to the mixing pit. In the cur of 
h^h-grade kaolin and china rla\-. they are often subja rte d la m 
washing process to eliminate any ssnd, pebbles and olfaer im- 
purities. The disintegration t.»f ihe kaolin is iisually ■ 
• TratuactM'^ Am. lusi Mm. Eag., I9ia 
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in washing troughs, in which there revolves a shaft, carrying a 
series of arms or blades which mix the clay thoroughly with water. 
The water and suspended clay is then discharged into a series of 
wooden troughs set nearly flat. As the "slip "passes through these 
troughs the heaviest particles of sand settle first, and lastly the 
fine clay substance is settled in large settling tanks. 

Methods of Brickmaking. — The commonest clay product, 
and the most imiwrtant of all, is brick. The manufacture of 
brick is such an important industry and one so widely carried on 
that a brief consideration of the methods in use may not be out 
of place. 

There are three ways of moulding brick. These are: (1) soft- 
mud process; (2) stiff-mud process; (3) dry-press process. The 
clay to be moulded, if either of the first two methods be used, must 
first be ground and then mixed with water to a plastic mass. In 
the dry-press method the ground clay is pressed dry, without the 
addition of water. 

In the soft-mud process the bricks are moulded in individual 
moulds, either by hand or by a moulding machine. Most plants 
in the United States now use machines which commonly mould 
six bricks at once. The clay is worked up to the consistency of 
a soft mud or paste and pressed into these wooden moulds. To 
prevent the sticky clay from adhering to the moulds, aand is added 
to the sides of the moulds before ramming in the clay. Soft-mud 
bricks, therefore, usually show five sanded surfaces, which distin- 
guish them from bricks mouldetl by the other processes. The 
soft-mud process of moulding is adapted to a wider range of clays 
than any other method, for obviously any clay that Is plastic may 
be worked up by adding the proper amount of water. 

In the stiff-mud process the ground clay is mixed with less 
water than in the former case, and to the consistency of a stiff 
mass of sufficient plasticity to be moulded to shape and yet retain 
its shape while still wet. The plastic mass is fed into a long 
cylindrical drum which tapers to a small end in which there is a 
rectangular opening or die, the desired size of the bricks. The 
clay is forced toward this small end by a revolving screw, and is 
finally squeezed through the die from whence it emerges in the 
form of a long continuous bar of rectangular section. This bar is 
received on a moving table which carries it past a row of knives 
or wires operating on a lever which is lowered at proper intervals 
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and cuts the bar of clay into bricks. The capacity of a stiff-mud I 
machine is from 45,000 to 60,000 bricks per 10 hours, as compared 
with 40,000 i)y the soft-mud method. The stiff-mud process ia 
not adapted to so wide a range of clays, however, for only clays 
of medium plasticity are used. 

In the dry-press process the clay is powdered and then pressed 
into steel mould.'^ in a dry or semi-dry condition. The faces of the 
moulds are of hard steel and are heated by steam to prevent the 
clay from adhering to them when pressed. They are also pro- 
vided with air holes to allow the air to escape during pressing, for if I 
the air were imprisoned with the clay, when the pressure is removed I 
the air would expand and split the brick. The dry-press process I 
is used extensively in the manufacture of front or facing brick, for ■ 
in one operation a brick is produced with sharp edges and smooth ' 
surfaces. If six bricks are moulded at a time, the dry-press 
machines have a capacity equal to that of the soft-mud machines. , 

Drying. — Before bricks from the soft- or stiff-mud processes 
can be burned they must t>e dried to free them from most of their ' 
water. This drying is done (1) in open yards; (2) in pallet driers J 
placed indoors or in sheds; or (3) in drying tunnels. The advan- 
tage of the latter method is that drying may continue without I 
interruption throughout the year. Several tunnels or chambers are ' 
constructed side by side, and various plants differ only with regard i 
to the method of heating the tunnels. Steam or hot-air pipes are I 
often employed, or parallel flues underneath the tunnel floor may 
be used. The green bricks, as they come from the moulds, are 
loaded on cars and run slowly through these tunnels. The tem- 
perature to which the tunnels are heated seldom exceeds 120° F. 

Burning of Bricks. — Clay wares are burned in a variety of 
kilns, but these all operate with either an updraft or downdraft. 
The simplest and earliest type of kihi with rising draft is known as i 
a "scove" kiln and is still in use at many smaller plants. These 
kilns are temporary in nature and are generally constructed from 
the bricks which are to be burned.* The bricks are set in large J 
rectai^ular blocks, 38 to 50 courses high. As the mass is built up I 
a series of parallel arches are left running through the mass from I 
side to side. The entire mass is then surrounded by a wall of' | 
brick, which ia daubed over with clay to confine the heat within. , 
The fire is built in the arch-like openings underneath the pile. 
* See Riea, " Clays," p. 273. 
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In downdraft kilna' the heat is couducted by suitable flues to 
the top of the kihi chamber, and then down through the ware, 
whence it is carried out to the stock through flues in the bottom. 
The bricks on the top receive the greatest heat, while in the 
updraft type the brick on the bottom get the moat heat. The 
advantage ia with the downdraft kiln, for should the top bricks 
become overheated or semifused, no damage would result to the 
main mass beneath. But in the case where the Iwttom brick 
become overheated or fused, they will cause the entire mass to 
sag and perhaps topple over, thus ruining the entire batch. 

The latest type of kiln, however, and the ones in use in the 
larger plants are known as continuous kilns. These were origi- 
nally designed to utilize the waste heat in burning. They consist 
essentially of a series of chambers arranged in a hne, or circle, and 
connected with each other and also with a central stack by means 
of flues. Each chamber holds about 22,000 bricks. When the 
chamber is first fired, the water vapor, smoke, etc., is conducted 
to the stack for a brief period, but as soon as this ceases, the heat 
and gases are conducted to the next chamber ahead and forward 
through several chambers, preheating them before they are actually 
fired. There ia thus a wave of maximum temperature coEtinually 
passing along the line, aheati of which the kilns are being preheated 
and behind which the kilns are lietng cooled and emptied of their 
finished ware. 

Clay Output of the United States. — Owing to the fact that 
most clay products are manufactured by the producer, and no 
record is kept of the raw material, the figures for the value and 
production of clay must be for the manufactured product. In 
1907, according to the United States Geological Survey, the total 
value of brick, tile and pottery manufactured in the United States 
was 8158,942,369. The year 1908 was remarkably dull in the 
building trades, and the production of clay products showed a 
great falling-off for that year, the total value being $133,197,762. 
Of this total figure brick and tile furnished about 81 per cent of 
the value. In 1909 the production showed a sui)stantial increase, 
valued at 5166,321,213; in 1910 it amounted to $170,115,974. 
Accurate figures tor 1911 are not available at this time, 

Sand-Lime Brick. — These brick are made by mixing and 

tempering together quarry sand or ground quartzite with at least 

■ See pages 45, 46, this volume. 
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6 per cent slaked lime, moulding under severe pressure and bond- 
ing in cylinders under the influence of steam at a pressure of aboul 
8 atmospheres for a period of from 6 to 16 hours. 

The industry has grown so much in Holland and Germany (and 
to a less degree in the United States), and the brick are applied 
to so many purposes (e.g., building, paving, flue and chimney con-. 
struction) that the clay workers have found their trade threat- 
ened. The building departments of the larger cities and the gov- 
ernment of Holland and certain states in Germany have permitted 
and encouraged the development of this new industry. 

The following digest of methods employed in Dutch factories 
may present a general view of European procedure." 

Seven factories slake the linie in trommels, in one with a pre*^', 
sure increasing gradually to 10 atraowpheres. Some sift the Ume. 
after slaking. One grinds the slaked lime in a bail mill, digests, 
the mill material in a silo for four days and then screens it. Three' 
works use a silo in which the material lies for 8, 14 and 24 hours. 
respectively. The slime is slaked by hand in three other factories, 
one of which stores the slaked material for two months in covered- 
sheds. Lime and sand are measurwi out carefully; generally the' 
proper proportions of cliarge are thro^^n into cars divided by a 
moveable partition. Mixing machines of the screw-worm and 
pan or edge-runner type are used. Moulding and pressii^ is 
done by dry-pre^ machines, or by means of presses with turn- 
tables. The bricks are hardened in cylinders under a pressure of' 
8i, 8, 7 and 6 atmospheres during a period of from 8 to 16 hourft- 
(depending on the factory). All firms use saturated steam, but 
one finishes the hardening by passing superheated steam into the 
cylinder. The latter, however, uses a wetter charge than is usual.- 
The object in all cases is to effect the formation of an 
calcium metasilicate, which is formed at the temperature obtaining 
in the trommel, namely 500 to 800° C, a temperature about 500" C. 
lower than the temperature of formation of dry calcium bisilicate 
in furnace operations. 

The mortar recommended for sand-Ume brick consists of 1 pai 
Portland cement and 3 parts sand; another mixture consisted^ 
of 1 part lime, 2 parts sand and Ij parts natural cement. 

The chemistry of the operation of hardening has been studied 
by Dr. T. R. Ernest-t The quantity of coraljined water and of- 

* Thoniitdtistric Zvilung, Feb. 22, 1912, t Ibid., Jan. 18, 1912. 
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soluble silica varies widely in the same factory. A high per- 
centage of soluble ailica, along with a good structure in the fracture 
of the brick, indicates strength and quality. Both calcium meta- 
siUcate and orthosilicate arR present as well as the disilicate. 

Ca(OH)s + SiO, pi CaSiOsHsO. 

CaSiO,H30Ca(OH)j ^ Ca=SiO, + HiO. 

Ca(OH)i + 2SiOj ^ CaH^SiiOe- 

These salts bind the .sohd grains together and knit the brick into 
a homogeneous mass. The chief of these salts in quantity and 
efficiency Is the metasilicate CaSiOjHsO. 

A Comparison of tiie Usefulness of Sand-Lime and Ordinary 
Burned-Clay Brick. — Holland, Germany, the United States 
and other countries are witnessing constant disputes between 
manufacturers of sand-lime and clay bricks, and are desirous of 
some exact report on the real merits of the questions at issue. 
Since the manufacture of sand-lime brick in America is in & less 
advanced stage of development than in Europe, the bitterness of 
the disputes between the clay and sand-lime workers has not 
reached the intensity of the quarrels of the European operators. 

In order to determine the respective merits of the products of 
the two parties, the Holland Minister for Agriculture, Trade and 
Commerce appointed a Commission to investigate the qualities 
of the Holland sand-lime bricks and to compare these bricks with 
the clay bricks produced in this country. This Commission has 
handed in its report under the title, " Verslag van de Commissie tot 
onderzook van Kalkzandsteen," and in the form of a book of 
264 pages, containing numerous illustrations and tables. The 
report is apparently thorough, scientific and practical, and should 
meet with the attention of all engineers and architects. 

The conclusions arrived at may be summed up as follows: 

The sand-lime brick has "arrived" and deserves to be seriously 
considered as a building material, and its properties assure it a 
place ui the building world of no less honor than the clay brick. 
Where great demands are made of a structure, and wherever this 
structure is to remain for eternity, the clay bricks should have 
preference, or rather, certain recognized and tested brands of clay 
bricks, for the principal reason that we have no test of the effect 
of time on the sand-lime brick. 

Furthermore, it appears that the sand-lime bricks are, as a rule, 
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more vulnerable to the attacks of frost than clay bricks, although 1 
in some instance-s the sand-lime bricks behave better than the clay 
bricka. Acids and acid waters attack the sand-lime bricks much 
more rapidly and very soon destroy their surface. This is of import- j 
ance whenever building operations are carried out in swamp lands I 
or drained marshes. In examining the foundations of old Dutch 
houses there was a great difference in the durability of the brick 
walls. Some remained intact, while others were almost completely I 
destroyed by the acid in the water. 

In the degree of resistance to mechanical forces the sand-lime 
brick varies according to the quality of the bond, but on the whole 
the Commission determined that the clay brick insured greater [ 
security to shock and other mechanical influences. 

In the use of some special kinds of sand-lime blocks as paving 
stones, some pavements show exceedingly good results in all the 
tests applied, yet the Commission feels warranted in raising a note 
of warning against the general application of the sand-lime brick | 
for pavingj particularly in cases where it may be exposed to the l 
attacks of runnii^ water. 

In structures in contact with water the Commission deter- I 
mined that the sand-lime brick was not a suitable material. At 
the same time it determined that the ordinary Dutch brick was j 
less suited to such structures than many foreign bricks which I 
showed less viilnerability to the attacks of frost. 

In building construction the sand-lime bricks may be used j 
without fear and as widely as clay bricks, as long as architectural I 
considerations do not forbid their application. An examination of 
the faQades of houses which have been exposed to severe cold I 
demonstrated that good sand-lime bricks resisted such attacks as j 
well as clay. For mside waUs and for such as do not carry a heavy j 
load second-class sand-lime bricks are quite satisfactory. 

The ring of the sand-lime brick is no indication of its quality. I 
The Commission found that the bricka which rang clearest offered I 
the least resistance to their tests. The only reliable test to det-er- 
mine the quality of the sand-lime brick is the mechanical com- 
pressive test. 

The Commission suggests the following demands of Holland I 
sand-lime brick : 

1. The brick must show a homogeneous and firm structure J 
on the cross section. 
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2. When dry the brick should stand not less than 200 kg. to 
the square centimeter in bricks of first quality and a pressure of 
not less than 150 kg. to the square centimeter in bricks of the 
second quality, this to be the average of t«n bricks tested, of which 
none should show a resistance less than 180 kg. and 135 kg. to 
the square centimeter, respectively. 

3. The water absorption of the dry brick should not be more 
than 15 per cent of its weight. 

With regard to the resistance of a sand-lime brick to the action 
of fire the Commission drew attention to the fact that this was 
not a vital question, since granite, which is one of the best build- 
ing materials, falls to pieces when exposed to excessive heat. In 
all buildings which use both ordinary brick and fire brick to obtain 
some degree of fire resistance, the sand-lime brick may also be 
used in place of the ordinary clay brick. The Commission is of 
the opinion that the sand-lime brick is not less fireproof than 
the ordinary clay brick. In Berlin the building police permit the 
construction of chimneys and flues of sand-lime brick.s. 

Finally, the Commission is of the opinion that sand-Ume bricks 
should not be used for fa9ades of buildings which have any style 
or beauty, and particularly warns against their use in cities. 

The character of the tests made by the various members of the 
Commission and the experts employed is described quite fully in 
Tkonindustrie Zeitung, February 22, 1912. 



QUANTITIEB OP REFRACTORY BrICKS AND BLOCKS UsED IN CON- 
STRUCTING Furnaces 

J Bonj>iNG One 



Shown on Fig. 53, page 135. 



piSI^H. 


Shnpo aaii tihen used. 


QuBlity. 


B-in.equiv- 
iLlent. 


200,000 
80,000 
70,000 
60,000 

270,000 

30,000 




Red bricks 
Fire briuks 
Fire bricks 
Fire bricks 

Silica 
(Magnesia I 
) Chrome ( 


200,000 

80,000 
70,000 
50,000 

270,000 
30,000 


Checkers in regenerative chambers 

Side wal n of regenerative chainbers 

Side wal B of fluea and pipe lining 

Side wal a and roots over slag pockets 


Side walls and bottom of furnace 

Total 


700.000 



It will require 48 tons of magQOsitc to install bottom of above 
furnace. 



Appboxdutb Cottnt op Repeactort Matebial obbd for Lining One 
RoTABT Cement Kiln, 150 Feet Long and 8 Feet Diambtbb Sheu, 

Fig. 77, page 205. 



No. of 


HlmpeaadnberDUjd. 


4iP^- 


35 

5,000 

i:632 

8,534 

33 




273 
15,000 
4,896 
17,921 

126 




Fire clay. No. 06 R. K. blocks hot zone 






Total 


15,234 


38,215 
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Approximate Count op Refractory Material used for One Belgian 
OR Long Oven, 34 Feet Long, 5 Feet Wide and 8i Feet High 

Fig. 49, page 127. 



No. of 
piecea. 



2880 

1925 

10 

25 

80 

1 

1 

1300 

25 

138 

4 

8 

8 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

165 

1200 



7796 



Shape and where used. 



No. 1 wed^e lime-bond silica crowns 

9-inch straights, lime-bond silica crowns. . . 

Soaps, lime-bond silica crowns 

Wedge soaps, lime-bond silica crowns 

Crown skews, lime-bond silica crowns 

Trunnel head, lime-bond silica crowns . . . . 

Fire-clay hopper ring 

Fire-clay liners — 9-inch straights 

Fire-clay soaps — liners 

Fire-clay 15x9x4J-inch liners 

Fire-clay front No. 23 

Fire-clay front No. 22 

Fire-clay front No. 21 

Fire-clay front No. 500 

Fire-clay front No. 501-R 

Fire-clay front No. 501-L 

Fire-clay front No. 502-R 

Fire-clay front No. 502-L 

Fire-clay front No. 503-R 

Fire-clay front No. 503-L 

Fire-clay front No. 504-R 

Fire-clay front No. 504r-L 

Fire-clay front No. 505-R 

Fire-clay front No. 505-L 

Fire-clay front No. 506-R 

Fire-clay front No. 506-L 

Fire-clay bottom tile 12x12x12x3 inches 
Fire-clay fillers — 9-inch straights 

Total 



Approx. 
9-in. equiv- 
alent. 



2880 

1925 
10 
25 
320 
25 
25 

1300 
25 
869 
25 
37 
48 
26 
26 
26 
27 
27. 
28 
28 
29 
29 
30 
30 
42 
42 
743 

1200 



9847 



AFFSOzniATE Count or Rbfractort Matbbial dsbd in Liking a Biast 

Furnace op the Followisq DtuBNaioNB 
BotUun: — 24 feet 6 inchra in diamtler (ouleide) and 6 feet deep. 
Furnace; — 85 (cet in height, and 15 feet in clear diametar at atockline, 
21 feet 6 iaohne at upper boeh, and 14 feet 6 inches at hearth. 
Fig. 43, page 113. 



N0.0I 



Shupe and wfaore UBOd. 






12,510 
4,412 

10,795 
6,455 
6,480 
3,852 

11,900 



Bottom blocks, 18X12x8 inches fire clay 

Hearlh lining, 9X6 inches keys fire clay , 

Hearth lining, 9X6 inchca Btraigbta fire clay 

Hearth lining, 13|iDch-No. 2 keys 6re clay 

Hearth lining, 13) inch- straights fire clay 

Bosh lining, 9X6 inchca keys fire clay . 

Bosh lining, 9X6 inches straights fire clay 

Bosh lining. 13) inch' No. 2 keys fire clay 

Bosh lining, ISt inch- straights fire clay 

Lower inwall, 9x6 inches keys fire clay 

Lower inwall, 9X6 inches straights 

Lower inwall, 13J inch- No. 2 keys fire clay 

Inwall lining, 13) inch- straights fire clay 

Middle inwall, 9x0 inches keys fire elay 

Middle inwall, 9x6 inches etraights fire clay. . , . 

Middle inwall, 13) inch- No. 2 keys fire clay 

Middle inwall, 13) inch- Btr^ghts fire clay 

Upper inwall, 9x6 inches keys fire clay 

Upper inwall, 9X6 inches straights fire clay 

Upper inwall, 13) inch- No. 2 keys fire clay 

U])ix!r inwall, 13) inch- straights fire clay 

Upper inwall. No. 27 — 3I)x4xl2Ax9 inches fireclay 
Upper inwall, No. 28 — 31ix4x8 inehes fire clay 

Gaa np-take arch. No. 4 arch, 9 inch- fire clay 

Ga^ up-take arch, No. 5 arch, 9 inch- fire clay 

Gas up-take arch. No. 4 arch, 13) inch- fire clay, . 
Gaa up-tnke arch, No. 5 arch, 13) inch- fire clay , 

Total 



12,960 
7,704 
15.867 
14,793 
37,260 
31,804 
22,100 
15,307 
62,100 
41,448 
12,680 
R,200 
37,440 
18,902 
42,336 
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* Approximate Count of Refractory Material used for One Bee- 
hive Coke Oven of 12.6 Inches in Diameter and 7 Feet 

7J Inches High 



Fig. 48, page 12(5. 



No. of 
pieces. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

7 

1 

1 

148 

1416 

3368 



4951 



Shape and whore used. 



60-R fire clay — door jamb 

60-L fire clay — door jamb 

61-R fire clay — door jamb 

61-L fire clay — door jamb 

62-R fire clay — door jamb 

62-L fire clay — door jamb 

63-R fire clay — door jamb 

63-L fire clay — door jamb 

64-R fire clay — door skew 

64-L fire clay — door skew 

65 fire clay — door arch 

42 fire clay — trunnel head 

67-1 fire clay trunnel head 

14 fire clay — floor tile 

No. 1 keys fire clay — side wall liners 
No. 1 wedge fire clay — crown 

Total 



Approx. 

9-in. equiv 

alent . 



18 

18 

18 

18 

16 

16 

16 

16 

22 

22 

189 

25 

27 

666 

1416 

3368 



5875 



• Submitted by courtesy of The Harbiaon-Walker Refractories Company. 



Weighu ot Vuioiu HatoriAls 



Brick 

Common red 

Fire ciay 

Silica 

Chrome 

Magnesia as brick or fiujed in furnace . 
Cement 

Portltuid 

Hydraulic. , 

Fine Ground Clays, Silica Cement, Etc. 

Fire clay 

Silica cement 

Magneaia cement 

Chrome ceinont 

Grain magncsitc (as shipped) 

Coal ami Coke 

Anthracite 

Bituminons , 

Chrircoal 

Coke 

Concrete 

Cement, fine 

Rnbble, coarse 

Earth 

Loam, dry, loose 

Loam, packed 

Loam, soft, loose mud 

Loam, dense mud 

Sand 

Dry and loose 

Dry and packed 

Wet and packed 

Gravel packed 

OatB. .'."]..'..! 

Wheat 

Quick, loose lumps 

Quick, fine 

Stone, large rocks 

Stone, irrcgidar lumps 

Masonrj, 

Granite or limestone 

Mortar, rubble 

Dry 

Sandstone, dressed 

Metah 

Brass, cast 

Bronze 

Copper, cast 

Cop^wr, rolled or wire 
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Weights of Various Material {Concluded). 



Material. 



Metals (Continued) 

Iron, cast 

Iron, wrought 

Lieaa, cast 

Steel, cast 

Steel, rolled 

Tin, cast 

Zinc, cast 

Petroleum 

Wood 

White oak 

Rock 

Chalk 

Granite 

Gypsum 

Sandstone 

Pumice 

Quartz 

Salt, coarse 

Shales 

Slate, American 

Water at 32** Fahrenheit 



Average per cu. ft., 
pounds. 



450 
482 
708 
490 
495 
459 
438 
55 

50 

145 
165 
143 
144 

57 
165 

45 
162 
165 

62.4 
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Furnace-Temperature Determinations* 

1. OoJd MeUing {Royal MirU). Degrees C. Degrees F. 

Standard alloy, pouring into moulds 1180 2156 

Standard alloy, pouring into moulds, by thermo- 
couple 1147 2097 

Annealing blanks for coinage, temperature of 
annealing chamber 890 • 1634 

2. SUver Melting {Royal Mint). 

Standard alloy, pouring into mould 980 1796 

3. Steel Melting {lO-ton Open-hearth Furnace^ Woolwich Arsenal). 

Steel, 0.3 per cent carbon, pouring into ladle . . . 1645 2993 
Steel, 0.3 per cent carbon, pouring into large 

mould 1580 2876 

Reheating furnace, temperature of interior 930 1706 

Cupola furnace, temperature No. 2, cast iron 

pouring into ladle 1600 2912 

Determinations by Prof. Le Chatelier 

4. Six^ton Converter. Degrees C. Degrees F. 

Bath of slag 1580 2876 

Metal in ladle 1640 2984 

Metal in ingot mould 1580 2876 

Ingot in reheating furnace : 1200 2192 

Ingot under hammer 1080 1976 

5. Open-hearth Furnace {Siemens, Semi-Mild Steel). 

Fuel gas near generator 720 1328 

Fuel gas entering into bottom of regenerator 

chamber 400 752 

Fuel gas issuing from regenerator chamber. . . . 1200 2192 

Air issuing from regenerator chamber 1000 1832 

6. Chimney Gases. 

Furnace in perfect condition 300 590 

7. Opeii-hearth Furnace. 

End of the melting of pig charge 1420 2588 

Completion of conversion 1500 2732 

8. Molten Steel. 

In the ladle — commencement of casting 1580 2876 

In the ladle — end of casting 1490 2714 

In the moulds 1520 2768 

For very mild (soft) steel the temperatures are higher by 50** C. 

9. Siemens^ Crucible or Pot Furnace 1600 2912 

10. Rotary Puddling Furnace 1340-1230 2444-2246 

Fu(l(ll(»<l ball — end of ojKTation 1330 2426 

11. Blast Furnace {Gray-Bessemer Pig). 

Oj)ening in face of tuyere 1930 3506 

Molten metal — commencement of fusion .... 1400 2552 

Moltt^n metul — end, or prior to tapping 1570 2858 

* Made by I*rof. Kolnrts Austen and others. 
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12. Red-brick Kiln (Hoffmann* 8), Degrees C. Degrees F. 

Burning temperature ^100 2012 

13. Foundry Irons and Steels. 

Melting heat of white cast iron 1135 2075 

Melting heat of gray cast iron 1220 2228 

Melting heat of mild steel 1475 2687 

Melting heat of semi-mild steel 1455 2651 

Melting heat of hard steel 1410 2570 

14. Porcelain Furnace (for Hard Porcelain). 

Heat at the end of baking 1370 2498 

15. Incandescent Lamps. 

Heat burning normally 1800 3272 

Heat when pushed 2100 3812 

16. Blast Furnace for Copper Ores at Tuyeres 1200-1500 2192-2732 

17. Blast Furnace for Lead Ores at Tuyeres 1100-1300 2012-2372 

18. Reverberatory Furnace for Smelting Copper Ores. . . 1300-1500 2372-2732 
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Cupolas, 206. 


Electrically-fused lime, 201. 




fused silica, 187. 


De Boia's Crucibles, 237. 


Elongation tests of fire brick, 268. 




Elstem-erda kaolin, 65. 


293. 


English crucibles. 232. 


Depretz, on (hernial reeiativity, 285. 


dinas bricks, 35. 




gani8l«r brick, analyses of, 49. 


Deville experiiuentfi wiUi lime cru- 


gas retorts, 251. 


cibles. 8. 




funwce for testing, 256. 


Ernest, Dr. T. R., on hardfaiing 




brick, 330. 


Diffuflivity, heat, 287. 


Estimating brickwork, 215. 


Dinaa and ganJHter bricke, analysis 


Etnuia, Wedgewood potteries estab- 


^ of, 34. 


lished at, h. 


K brick, 32. 




^B briek, expansion of, 52. 


Evans & Howard, St. Louis, fire- 


^B brick, manufacture of, 40. 


brick makers, 12, 


^H Dinas, composition of, 33. 


Expansion of dinas brick. 52. 


■ plastic, 219. 


Experiments with cryatolon, 194. 


^H rock for fumocc linings, 6. 




■ atone, 32. 


Faber tlu Faur zinc furnace, 244. 


^M Distribution of fire clays, 65. 


Factory chimneys, 179. ' 


^1 Dixon, Joseph, Co.'s eruciblcfi, 233. 


Fery absorption pyrometer, 314. 315. 


■ Dolomite, 96. 




^H used for refractory linings, 9. 


Fieehter's asbestos thread bags for 


^H DqwUib ganister, 49. 


dust chambers, 177. 


^1 Dukft and chimneys, 137. 


Figart, Pa., fire-brick yards, 13. 


^H Driving mechanism of rattier testing 


Fire-brick, conductivity of, 223-224. 


^H roacKinc, 264. 


brick, early New Jersey makers of, 


^V Drying cmciblce, 2:^5. 


11. 


^^H irregular shapes, 77. 




^H refractory brick, 44. 


brick industry, development of, 10, 


^H Dust cateher in blust furnace, 121. 


11-13. 


^H chambej^ in smelters, refractories 


brick in blast-furnace construc- 


H for, 176. 


tion, 115. 


^B 


brick linings, repairing, 109. 


^H Early linings for open-hearth fur- 


briek manufacture, development 


^H ooces, 6. 


in 1880, 13. 


^H East Chicago plant of the Harbison- 


brick plants in St. Louis, 12. 


^B Walker Co., 14. 


brick, porosity of, 222. 


^H East Portsmouth, Ohio, fire-brick 


brick, soluble constituents, 288. 


^H yards, 13. 


brick, thermal conductivity of, 280. 


^H Eberafaahn fire clays, 65. 


brickwork, estimating, 215. 


^^^ Efficiency of furnaces, 221. 


clay, Bolivar, discovered, U, 
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^^M fire-elaybrid[,porosity test, 206. 




^^M clay brick, tabulated testa, 257. 


linings, 6. ^^M 


^^H clay crucibbs, 231. 


efficiency, 221. ^H 


^^H Hay, iDfx^Lsing rcfractcrmciia of, 


electric, iron smelting, 201-203. ^^| 


^^H 


electric, UningH for, 201. ^^| 


^^H clay moftar. 216. 


electric, use of crj*slo1on in, 196. ^^| 


^^H clay, requisite properties. 66. 


glass, 206. ^M 


^^H days, chemical Hiaracter, IS. 


incinerating, 207. ^^^M 


^^V days, colors, 63. 


insulalion of, 220. ^^^| 


^^H days, diRtributioa of, 65. 


lead ore smelting, 160. ^^^^| 


^H cUys, flint. 64. 


paint, carborundum, 110. ^^H 


^^m clays, Mt. Savage und Lower Kit- 


shape of, 226. ^H 


^^1 tanning, 11. 


temp«>ratu re determinations, 341. ^^H 


^^^ clays, plastic, 64, 


the Coaseler, 83. ^H 


^H days, plasticity. 63. 


the Mendhcim, 83. . ^H 


^^M clays, tensile strength, 63. 


type of, determined by slag pra- ^^| 


^^B proof wood, 182. 


duced, 16. ^^M 


^^H Fireproofing atee! fiirnaces, 218. 


walla, flow of heat through, 208. ^H 


^^1 Fire sand, rarbonmdum, 106. 


zmc-distiUing, 244. ^H 




I''UBed silica wore, 187-100. ^H 


^^ft P'itzGendd and Bennie laboratory 


Fusion temperatures of metals, 305. ^^H 


^^H experimenta with cry stolon. 


^^H 


^H 196, I9S. 


Gaize rock, 33. ^H 


^^M on alundum, 193. 


Ganiater, 30, 31. ^^M 


^H Flint flro days, 64. 


Ganister brick, 32. ^^H 


^^H Flow of heat through funuien walls. 




^H 298. 


composition of, 33. ^^H 


^^^m Flues, in smelters, refractories for. 


deposits in United Stat«6, 32. ^^M 


^M 


rock, Wisconsin, analysis of, 53. ^^M 


^^M Forges Ics Baux fire clay, 66. 


used for furnace linings, 6, ^^H 


^^M Fomia,tion and composition of elay, 


Gamkirk fire day, 66. ^^H 


^H 


Gas retorts, 246. ^^M 


^^H Formula for acidproof brick, 186. 


German cupelling iieorths, 174. ^^| 


^^B of Anaconda convertf r lining day, 


dinae bricks, 35. ^H 


^H 


dins3 brick, analyijia of, 50. ^^M 


^^1 of lining tor copper matte eonvert- 


Institute of Ga« Engineen' scab ^^H 


^H era, 156. 


for retorts, 247. ^^M 


^H Frame of rattler testing machine, 264. 


refractory mixtures, 51. ^^H 


^H Fredericks, Monroe A Cii,, fire-brick 


Glass furnaces, 206. ^^M 


^H makers, established in 1S36, 


refractory ware, 190. ^^H 


^H 






Glazing rctorla, 244. ^^H 


^^1 Freezing and thawing test of build- 




^H ing brick, 2.58. 


fire clay, 11. ^^H 


^H Fmburg crucibles, 332, 


Golden, Oil,, fire-brick works, 13. ^^H 


^H Frenah crucibles. 233. 


Graphite brick, beat conductivity of, ^^H 


^H Furnace, American test, 175, 


^H 


^H copper-rcGning, 160. 


rruciblefi, 233. ^H 
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^V Great Falls copper eonvertere, 157. 


Homemade bricks, 86. ^^^^^^^H 


H smelUry stack, 178. 


55. ^^^^^^1 


^M Grecian magiiesiii bricks, manufai;- 


Hot-blast stove, ^^^^^^| 


■ ture of, 93. 


cast porcelain, 190. 




Button, R. S., on thermal conduc- 


■ Greek and Roman pottery, 2. 


tivity, 278, 279. 






Grindinf; claya, 73, 


Imported magnesite and chromit«, 14. 




Incinerating furnaces, 207, 


fire claya, 66. 


InfusibiUty, raw material teat, 271. 


^H> Grout, on testing plasticity of clay, 


Ingailg, W. R., on crucible mixturea. 


^M 275. 


240. 


^H GTllnstadt kaolin c^ky, 62. 


Ingeraoll, Prof. L. R., 287. 


^B " Guter Trunk Marie " clay pit, 66. 


Insulation of furnaces, 220. 


■ 


Iron bliust furnace, refractories in, 


^1 Halle kaolins, 65. 


113-124. 


H Harbison-Walker Co., 91. 


refractories, 111. 


^H Harbison - Walker's alusil briek, 
^H 100. 


Jochum, on testing plasticity of clay, 
276. 


■ chrome brick, 102. 


Johna-Manville's asbestos cement, 


^f Hefractarioa Co., 14. 


220. 


^^ Hearth construction in copper fur- 
naces, 153-155. 
Heat conductivity, testi:^, 289. 


Company's asbestos mortar and 
cement, 187. 
Joiiet plant of the American Refrac- 
toriea Co., 14. 


^L flow of, through contact surTaces, 




^m 286. 


Kaolin, derivation of name, 6. 


^H resistance test« of fire brick, 209. 


Hoc Ressin, 59. 


^H Hering, Carl, on shaiM of funiacca, 


King-tc-ching, analysis of, 59. 


■ ». 


mining, 326. 


^H on thermal conduetivity, 278, 279, 


Kentucky fire-brick industry, 13. 


^H 230, 285, 286. 


Keri'a formula for retort charge, 248. 


^H HerreshofF copp«r roasting furnace, 


miitures for muffles, 230. 


■ 


Kier Brothers, estabUsh fire-brici 


^H Hesse fire clays, 65. 


yard at Sahna, Pa., 12. 


^H Hessian graphite crucibles, 233. 


Kieeclguhr brick, heat conductivity 


^M Hoc Kesain kaolin, 59. 


of, 292, 


^H Hoffniann,Dr.,oa heat measurements, 


liieselguhr earth, 54. 


^P 


Kiln, ctTOont, 205. 




conunon brick, 328. 


'type of kiln. 81. 


for burning fire brick, 78. 


Holland cement, 219. 


Hoffmann type, 81. 


^^ Commisaion to investigate sniid- 


lime, 206. 


^^L lime aud common clay brick, 


magnesia brick, 95. 


^1 331. 




^B Greek Magnesite Co., 91. 


temperature measurements, 305- 


^H Holly Springs, Miss., fire-brick in- 


321. * ^^H 


^H dustry, 13. 


the Youngren, 83. ^^^^^^^^^M 



KinE Asjrchu, user of brick, 1. 
Kopper coke oven, 12fl. 
Kulmix furnace, 250. 
Laclede-Chrigty Company's bauxite 

Laclede Fire- Brick Co., established 

in St. Louis. 12. 
Landolt and BcemHtein on thermal 

reastivity, 285, 
Landolt on thennul conductivity, 

27S. 
lieod as a rrfractory, 112. 

ores, smelting, IGS. 
Leee, C. U., on thermal conductivity, 



Lenher, V., 



lalyees of ganifit«r by, 



Lettin kaolin, 66. 

Lewis County, Ky., fire-clay produc- 
tion, 13. 
Life of gas rctori^, 261. 

ot open-hearth furnace, 138. 
Lame- burning, 40. 

crucibles, experiment by Deville, 8. 

elcctriciiUy-fused, 201. 

kdna, 206. 

kilns of Mt. Union, 41. 
Limoges fire clays, 66. 
Linings for Anaconda converters, 
158. 

for Bessemer converters, 133. 

for bullioQ-refioing furnaces, 160. 

for Canonea copper blast furnace 
settlers, 14S. 

for copper matle converters, 156. 

for copper roasting funiaces, 142- 
165. 

(or crucible brass furnaces, 108. 

for cupelling furnace, 174. 

for eleclrio furnaces, 201. 

for oil-burning furnaces, 109. 
Lower Kittanning fire clay, 11. 
Lowood ganister, 31. 

McDougall coppw roasting furnace, 



Magnesia, 88. 

bearing minerals, 88. 

brick, 205. 

brick, heat conductivity of, 202. 

briok kilns, 95, 

brick lining for copper matte con- 
verters, 157. 

bricks, analysis of, 00. 

bricks, Grecian, manufacture of, 
93. 

bricks, mortars for, 96. 

bricks, preparation of, 91. 

crucibles, 237. 

in electric furnaces, 199. 

long used for refractory linings, 9. 
Magncsite, aoalyaes of, 90. 

bricks, Styrian, manufacture of, 94 

c.alcined, analyses of, 90. 

found in California, 14, 

(irecian, 91, 92. 
Majolica ware, origin of, 4. 
Manufacture of bauxite brick, 97. 

of capsules, 229. 

of chrome brick, 102. 

of common brick, 322-;)28. 

of dinas brick, 40. 

of dolomit* brick, 97. 

of ganiattr brick, 40. 

ot gas retorts, 248-250. 
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of sand-lime brick, 330, 
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bricks at Maurer, N. J., 12. 
Measurement of permeability of fire* J 
brick, 205. 

of shrinki^e of raw material, 276- 

of temperatures, 305-321. 
Mechanical copper-roasting fumacee^ | 

142. 
Mediieval fire-resisting furnaces, i 
Meissen fire clays. 65, 

porcelain works founded, 5. 
Mellor, Dr. J. W,, on stand ardiMtiim ' 
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Portsmouth, Ohio, fire-brick indus- 
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Rcfraclorics and slogs, chemical phe- ^^H 
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nomena of. 22-27. ^^M 
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Preparation of alundum, 100. 


in coke ovens, 125. ^^^| 


of bauxite briclta, 98. 


metal, 110. ^^H 


cS commoii brick clay, 326. 


melting points of, 29. ^^^| 


of cruc'bles, 234. 


physical prupertica of, 288. ^^H 
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used in converting copper matte, ^^| 


fles, 242. 


^H 


of silica brick, 38. 


Refractory brick, testing, 256. ^H 


Properties of chrome brick, 1C3. 


cements, 219. ^^| 


of magnesia bricks, 92. 


clays, 56. ^H 


of silica brick, 4S. 




requiHlte in fire clays, 66, 


industry, deveiojiment of, in U. S., ^^| 


PuddUng furnace, 132. 


^H 


PyrometefB, electric resistance, 313. 
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Fcry absorption, 314, 315. 


Uninga, use of carborundum firs ^^H 


Fery radiation, 314. 


sand in, ^^H 


optical, 314. 




self-recording, 312. 


lining, use of magnesia as, 9. ^^H 


the Shore, 317. 




Wanner, 314, 316. 


materials, conductivity, daisity, ^^H 


Quartz refractory ware, 187. 


porosity and permeability of, ^^H 
292. ^H 


bearing clay cnicibles, 232. 
Quartiite brick, 35. 
brick, analysis of, 129. 
Cramer's examination of, 36. 


and stacks of smelters, 176. ^^H 


Queen's Run fire-brick works estab- 


materials, standardiKation of. 277. ^^H 


lished, U. 
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Rattler machine for testing brick, 


^H 
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material used in lining cement ^^H 


brick charge, 265. 


kib, 334. ^H 


test, 26S. 
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test, abrasive charge, 264. 


ot>en-hearth furnace, 334. ^^1 


Rausbach fire clays, 65. 


mixtures, German, 51. ^^H 


Raw refractory materials, testing. 


mortars and paints, use of, 214, 210. ^^M 


270. 


natural rock, 30. ^^H 


materials, teatinfc. 2S5, 256. 270, 


paints and materials, 106, ^^H 


material, thermal conductivity and 
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resistivity, 278. 


ware, special, 15. ^^H 
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Regenerators, 135. 


Seger and Cramer test for acidproof ^^^| 


Repairing bottoms, 139. 


brick, 180. ^H 


fire-brick iinings, 109. 


scale of temperature measurement, ^^^| 




^H 


raw muterial, testing, 273. 


volumeter, 209. ^^H 


Resistivity, thermal, table of, 281. 


Self-recording pyrometers, 312. ^^H 


Retort, Pa., anvbriclt worka, 13. 


Seinet-Solvay coke oven, 129. ^^H 


RetortB, 228, 239. 
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Sheffield ganisler, 49. ^^H 
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properties of, 48. ^^^^^H 
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^H bauxite brick, 09. 
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tures, 28. 
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Silicioua refractories, 30-55. 
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^H Sampling for tests, 254. 
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Connellsville, Pa., 12. 

Soluble constituents of fire brick, 277. 

South Dakota fire-brick industry, 13. 

South Webster, Ohio, fire-brick in- 
dustry, 13. 

Spaeter & Co., magnesia, 89. 
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furnaces, 131. 

SteubenviUe, Ohio, fire-brick indus- 
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Stott, G., on thermal resistivity, 285. 
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site, 89. 
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fused silica, 187. 
Thermocouple tubes, brown alun- 

dum, 192. 
Thermoelectric pyrometer, 314. 
Thermometers, 311. 
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